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© An optical element comprises a polarization dif- 
fraction element that is provided with diffraction grat- 
ings that are respectively mounted on different faces 
of a transparent substrate of a flat plate shape, which 
grating pitches are equal to each other and approxi- 
mately equal to the wavelength of an incident light, 
and which grating lines are parallel; or comprises a 
phase shifting element or an antireflection element 
composed by a grating which grating pitch is ap- 
proximately equal to the wavelength of an incident 
light formed on a transparent base; or comprises a 
polarization diffraction element that is provided with 
a substrate made of a material having an optical 
anisotropy property, and a grating, and wherein the 
thickness of the substrate is set such that the dif- 
ference that occurs between the phases of the P and 
S polarizations of a light due to the grating, and the 
difference that occurs between the phases of the two 
polarizations when the light propagates through the 
substrate, and cancel out; or comprises a polariza- 



tion diffraction unit wherein a diffraction grating 
which grating pitch is approximately equal to the 
wavelength of an incident light, is formed on a face 
of a transparent substrate, and a phase compensat- 
ing grating which grating lines are substantially or- 
thogonal to the grating lines of the diffraction grating, 
is formed on the other face of the substrate. 

An optical pickup device comprises an optical 
element wherein a grating which grating pitch is 
approximately equal to the wavelength of an incident 
light, is formed on a transparent base. An optical 
pickup device comprises a polarized light detecting 
unit provided with a diffraction grating which grating 
pitch is approximately equal to the wavelength of an 
incident light, that is formed on a transparent sub- 
strate, and that splits the incident light into two 
polarized lights having mutually orthogonal polariza- 
tions; a first photodetector that is mounted integrally 
and virtually in parallel with the substrate, and that 
receives a zeroth-order diffracted light produced by 
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the diffraction grating; and a second photodetector 
that is located in the same plane • as the first 
photodetector and mounted integrally with the first 
photodetector and the substrate, and that receives a 
first-order diffracted light produced by the diffraction 
grating. 

As a result, a simple and inexpensive optical 
element may be fabricated, and a compact and tight 
optical pickup device may be designed. Further* 
more, the access to a magneto-optical recording 
medium may be performed accurately, and record- 
ing signals of high quality may be obtained. 



FIG. 1 
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OPTICAL ELEMENT AND OPTICAL PICKUP DEVICE COMPRISING IT 



FIELD OF THE INVENTION 



The present invention relates to an optical ele- 
ment to be used as a polarization diffraction ele- 
ment, phase shifting element, antireflection element 
or the like, in optical pickup devices and other 
devices. The present invention also relates to an 
optical pickup device provided with the aforemen- 
tioned optical element. 

BACKGROUND OF THE INVENTION 

In recent years, the development of a magneto- 
optical memory element having a high capacity 
and storage density, and capable of recording 
and/or erasing repeatedly, has been actively pur- 
sued. This type of magneto-optical memory ele- 
ment is usually composed by a magnetic thin film 
formed on a substrate. The magnetic thin film is » 
provided with an axis of easy magnetization per- 
pendicular to the surface of the film, and is mag- 
netized in either direction through initialization. 

During the recording, a relatively strong laser 
beam is irradiated on the magnetic thin film, while 
applying an external magnetic field of a direction 
opposite to the direction of the external magnetic 
field which was applied during the initialization. In 
the part irradiated, the temperature rises causing 
the coercive force to lower. As a result, the mag- 
netization is inverted in the direction of the external 
magnetic field. 

During the reproduction, a relatively weak laser 
beam is irradiated on the magnetic thin film. The 
plane of polarization of the light reflected from the 
magnetic thin film is rotated in accordance with the 
direction of magnetization through the magneto- 
optical effect. Information signals can be thus de- 
tected by detecting the inclination of the plane of 
polarization. 

An example of conventional optical pickup de- 
vice adapted for a magneto-optical memory ele- 
ment is illustrated in Fig. 26. 

A linearly polarized laser beam that was projec- 
ted from a semiconductor laser 51, is converted 
into a parallel beam of light by a collimating lens 
52, passes through a compound beam splitter 53 
and is converged on a magneto-optical memory 
element 56 across a mirror 54 and an objective 
lens 55. 

The plane of polarization of the reflected light 
from the magneto-optical memory element 56 is 
rotated in accordance with the direction of mag- 



netization at the time of the reflection. The re- 
flected light is then led across the objective lens 55 
and the mirror 54 to the compound beam splitter 
53 where it is reflected in a direction at a right 

s angle with the incidence direction of the reflected 
light by a face 53a. A portion of the reflected light 
is further reflected in a direction at a right angle 
with the incidence direction of the reflected light by 
a face 53b, passes through a spot lens 57 and a 

70 cylindrical lens 58, and impinges upon a 
photodetector 60 of a four-quadrant type. In the 
photodetector 60, a tracking error signal and a 
focus error signal are generated based on the 
widely known push-pull method and astigmatic 

;s method respectively. 

Meanwhile, the light that was transmitted 
through the face 53b of the compound beam split- 
ter 53 is reflected in a direction at a right angle 
with the incidence direction of the transmitted light 

20 by a face 53c, and its plane of polarization is 
rotated by 45° by a half-wave plate 59. This light 
is then split into two polarized lights having mutu- 
ally orthogonal polarizations by a polarizing beam 
splitter 61. and the two polarized lights impinge on 

25 the photodetector 62 and the photodetector 63 
respectively. Information on the magneto-optical 
memory element 56 is reproduced based on the 
output signals of the photodetectors 62 and 63. 
In the magneto-optical memory element 56, the 

30 detection of information signals is generally per- 
formed by making use of the Kerr effect. 

In Fig. 27, suppose that the laser beam irradi- 
ated on the magneto-optical memory element 56 
is, as shown by I, a linearly polarized light of a P I 

35 polarization only. When the direction of magnetiz- f 
ation in the part of the magneto-optical memory 
element 56 that was illuminated by the laser beam, 
coincides with the upward direction in Fig. 26, the 
plane of polarization of the reflected light is rotated 

40 by ( + <(c), as shown by II in Fig. 27. On the other 
hand, when the direction of magnetization in the 
part that was illuminated by the laser beam, co- 
incides with the downward direction in Fig. 26, the 
plane of polarization of the reflected light is rotated 

45 bY (- €k ) as shown by III in Fig. 27. Accordingly, 
information on the magneto-optical memory ele- 
ment 56 can be reproduced by detecting the rota- 
tion of the plane of polarization by means of the 
photodetectors 62 and 63. 

so However, the Kerr angle of rotation * k is gen- 
erally an extremely small angle of 0.5* to 1.5 . 
The Kerr angle of rotation e k needs thus to be given 
a bigger appearance in order to obtain a reproduc- 
tion signal of a high quality. 

Hence, in the optical pickup device shown in 
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Fig. 26. the angle e k is made bigger in appearance 
by giving a polarization property to the face 53a or 
53b of the compound beam splitter 53. 

For example, the face 53b may be designed 
such that the transmittance T P for the P polarization 
is set at 30% and the reflectance R P is set at 70%, 
and the transmittance T s for the S polarization is 
set at 100% and the reflectance Ft, is set at 0%. As 
a result, as illustrated in Fig. 28. the P polarization 
that passed through the face 53b is reduced to 
30%, while the S polarization is not reduced. The 
apparent Kerr angle of rotation * k is thus increased 
and equals approximately 1 .0 * to 2.7 . 

However, the use of the compound beam split- 
ter 53, the polarizing beam splitter 61 and other 
members in the optical" pickup device shown in Fig. 
26, causes the number of parts as well as the 
weight of the device to increase, and as the weight 
of the device increases, causes the access time to 
be slow. 

Another example of optical pickup device 
adapted for the magneto-optical memory element 
56 is illustrated in Fig. 29. The composing mem- 
bers common to the optical pickup device of Fig. 
26 and the optica! pickup device of Fig. 29 are 
designated by the same reference numeral. 

A laser beam that was projected from a semi- 
conductor laser 51 , passes through a Kerr angle of 
rotation multiplier prism 64, is converted into a 
parallel beam of light by a collimating lens 52, and 
is converged on the magneto-optical memory ele- 
ment 56 across an objective lens 55. 

The reflected light from the magneto-optical 
memory element 56 passes through the objective 
lens 55 and the collimating lens 52. A portion of 
the reflected light is further reflected in a direction 
at a right angle with the incidence direction of the 
reflected light by the Kerr angle of rotation multi- 
plier prism 64. The reflected light then passes 
successively through a half-wave plate 59. a cylin- 
drical lens 58 and a concave lens 65, and impinges 
upon a polarizing beam splitter 66. 

In the polarizing beam splitter 66, the reflected 
light from the magneto-optical memory element 56 
is split into two polarized lights having mutually 
orthogonal polarizations. One of the polarized lights 
is transmitted through the polarizing beam splitter 
66 and impinges on a photodetector 60 of a four- 
quadrant type. A focus error signal and a tracking 
error signal are then generated by following the 
same process as in the photodetector 60 of Fig. 
26. 

As to the other polarized light, it is reflected at 
a right angle by the polarizing beam splitter 66 and 
impinges upon a photodetector 67. Information on 
the magneto-optical memory element 56 is repro- 
duced by performing the operation of the signal 
that was released by the photodetector 67 and the 



signal produced by summing the signals released 
by the different photodetection sections of the 
photodetector 60, and amplifying the result of the 
operation. 

s In the optical pickup device of Fig. 29, the 

separation of the reflected light from the magneto- 
optical memory element 56 is performed by the 
polarizing beam splitter 66. However, for manufac- 
turing reasons, it is difficult to fabricate the polariz- 

70 ing beam splitter 66 so that each side measures 
approximately less than 2mm, thereby causing the 
polarizing beam splitter 66 to be large and heavy. 
A similar difficulty arises with the Kerr angle of 
rotation multiplier prism 64. In addition, the optical 

is pickup device suffers from a drawback as its ac- 
cess speed when it moves to a desired radial 
position on the magneto-optical memory element 
56, lowers because of the weight increase due to 
the Kerr angle of rotation multiplier prism 64 and 

20 the polarizing beam splitter 66. 

Further, another example of optical pickup de- 
vice adapted for the magneto-optical memory ele- 
ment 56 is illustrated in Fig. 30. 

A laser beam that was projected from a semi- 

25 conductor laser 51 , is converged on the magneto- 
optical memory element 56 across a collimating 
lens 52, a first prism section 68a of a Kerr angle of 
rotation multiplier compound prism 68 and an ob- 
jective lens 55. The reflected light from the 

30 magneto-optical memory element 56 is led to the 
first prism section 68a of the Kerr angle of rotation 
multiplier compound prism 68 across the objective 
lens 55. A portion of the reflected light is reflected 
in a direction at a right angle with the incidence 

35 direction of the reflected light by the first prism 
section 68a and is further separated into a transmit- 
ted light and a reflected light by a second prism 
section 68b. 

The light that was transmitted through the sec- 

40 ond prism section 68b impinges upon a Wollaston 
prism 70 across a half-wave plate 59 and a convex 
lens 69. The transmitted light is split by the Wol- 
laston prism 70 into two polarized lights which 
impinge respectively upon the different photodetec- 

45 tion sections of a photodetector 71 of a two-di- 
visions type. Information on the magneto-optical 
memory element 56 is reproduced by performing 
the operation of the signals that were generated 
based on the two polarized lights detected on the 

so different photodetection sections, and amplifying 
the result of the operation. 

On the other hand, the reflected light that was 
reflected in a direction at a right angle with the 
incidence direction of the reflected light, by the 

55 second prism section 68b of the Kerr angle of 
rotation multiplier compound prism 68, impinges 
upon a photodetector 60 of a four-quadrant type 
across a convex lens 72 and a cylindrical lens 58. 
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A focus error signal and a tracking error signal are 
then generated based on the signals released by 
the photodetector 60. 

However, with the optical pickup device of Fig. 
30 also, it is difficult to form the Wollaston prism 70 
so that each side measures approximately less 
than 2mm. Further, as the Kerr angle of rotation 
multiplier compound prism 68 is of a large size 
also, this causes the whole optical pickup device to 
be large and heavy. Moreover, as the Wollaston 
prism 70 and other parts are made of a crystalline 
material, the cost of the optical pickup device is 
high. 

A birefringent wedge 73 may be used instead 
of the Wollaston prism 70 in the optical pickup 
device of Fig. 30 (see Fig. 31). However, the de- 
flection angle between the two polarizations P and 
S obtained with the birefringent wedge 73 equals 
for example 2.06", which is smaller than the de- 
flection angle equal to 4.6* obtained with the Wol- 
laston prism 70. The birefringent wedge 73 is thus 
more disadvantageous" than the Wollaston prism 70 
in terms of size of the device. 

As described above, when, in order to split the 
reflected light from the magneto-optical memory 
element 56, using the polarizing beam splitters 61 
and 66, the Wollaston prism 70 and the birefringent 
wedge 73, or mounting the compound beam split- 
ter 53 or the Kerr angle of rotation multiplier prism 
64 between the semiconductor laser 51 and the 
magneto-optical memory element 56, the conse- 
quence of a large and heavy optical pickup device 
cannot be avoided. 

Hence, recently, the use of a diffraction ele- 
ment having a polarization property has been ex- 
perimented as a means for cutting down the num- 
ber of parts and reducing the weight of the optical 
pickup device. A diffraction element having a po- 
larization property will be discussed hereinafter. 

In the conventional art, a diffraction grating 
which grating pitch is formed approximately equal 
to the wavelength of the light it is designed for, is 
known to have a polarization property (K.Yokomori, 
"Dielectric surface-relief gratings with high diffrac- 
tion efficiency," Applied Optics Vol.23, No.14, 
pp2303, 1984). 

As illustrated in Fig. 32, a polarization diffrac- 
tion element 81 is composed by a diffraction grat- 
ing 83 formed on one side of a transparent sub- 
strate 82 made of glass or other material according 
to the two beam interference method or other 
method. The diffraction grating 83 has a polariza- 
tion property and its grating pitch is formed ap- 
proximately equal the wavelength of the light it is 
designed for. The diffraction grating 83 is made of, 
for example, photoresist and its thickness and grat- 
ing pitch are respectively set at 1um and O.Sum. 
The diffraction grating 83 is fabricated so that a P 



polarization is transmitted at virtually 100%. and a 
S polarization is diffracted at virtually 100%. 

When an incident light 84 with a wavelength of 
for example 0.8um impinges upon the polarization 

s diffraction element 81 at a Bragg angle, the P 
polarization of the incident light 84 is transmitted 
through the diffraction grating 83 to produce a 
zeroth-order diffracted light 84a while it is virtually 
not diffracted and produce virtually no first-order 

70 diffracted light 84b. On the other hand, the S 
polarization of the incident light 84 is diffracted by 
the diffraction grating 83 to produce a first-order 
diffracted light 84b but is virtually not transmitted 
and produce virtually no zeroth-order diffracted 

rs light 84a. 

In order to detect the zeroth-order diffracted 
light 84a and the first-order diffracted light 84b 
after they were separated as described above, the 
zeroth-order diffracted light 84a is converged on a 

20 photodetector 87 across a converging lens 85 and 
the first-order diffracted light 84b is converged on a 
photodetector 88 across a converging lens 86. ~ 

As described above, the diffraction grating 83 
has a property of splitting light of different polariza- 

25 tions. The polarization diffraction element 81 that 
comprises the diffraction grating 83 may be thus 
employed as a polarizing beam splitter in an op- 
tical pickup device used in a magneto-optical re- 
cording and reproducing apparatus. By using the 

30 polarization diffraction element 81 as a polarizing 
beam splitter, the number of parts may be reduced 
and the optical pickup device can be made com- 
pact and light. 

An example of an optical pickup device pro- 

35 vided with a polarization diffraction element such 
as described above is illustrated in Fig. 33. The 
composing members common to the optical, pickup ^ 
device of Fig. 26 and the optical pickup device of 
Fig. 33, are designated by the same reference • 

40 numeral 

In Fig. 33, a linearly polarized laser beam that 
was projected from a semiconductor laser 51 is 
irradiated on the magneto-optical memory element 
56 across a collimating lens 52, a beam splitter 74, 

45 a mirror 54 and an objective lens 55. 

The reflected light whose plane of polarization 
was rotated on the magneto-optical memory ele- 
ment 56 in accordance with a recording signal, 
reaches the beam splitter 74 across the objective 

so lens 55 and the mirror 54. The reflected light is 
reflected in a direction at a right angle with the 
incidence direction of the reflected light by the 
beam splitter 74, and impinges upon a polarization 
diffraction element 77 across a half-wave plate 75 

55 and a converging lens 76 thereafter. 

The polarization diffraction element 77, as illus- 
trated in Fig. 34, is for example divided into four 
areas in order to generate a servo signal. Diffrac- 
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tion gratings 77a, 77b f 77c and 77d are respec- 
tively mounted on each of the areas. The grating 
pitch of each of the diffraction gratings 77a, 77b. 
77c and 77d, is approximately equal to . the 
wavelength of the laser light it is designed for. 5 

A zeroth-order diffracted light that was trans- 
mitted through the polarization diffraction element 
77 is split into two polarized lights by a birefringent 
wedge 78. Information on the magneto-optical 
memory element 56 is reproduced as the two io 
polarized lights impinge on the different 
photodetection sections of a photodetector 79 of a 
two-divisions type. 

Meanwhile, a first-order diffracted light that was 
diffracted by the polarization diffraction element 77 75 
impinges upon a photodetector 80 of a multi-di- 
visions type. A tracking error signal and a focus 
error signal are then generated by performing the 
operation of the output signals released by the 
different photodetection sections of the photodetec- 20 
tor 80. 

In the polarization diffraction element 77, the 
Kerr angle of rotation may be made bigger in 
appearance for example by setting the zeroth-order 
diffraction efficiency at 30% and the first-order 25 
diffraction efficiency at 70% for the P polarization, * 
and setting the zeroth-order diffraction efficiency at 
100% and the first-order diffraction efficiency at 
0% for the S polarization. 

Moreover, an optical pickup device such as the 30 
one illustrated in Fig. 35, may be fabricated for 
example by employing diffraction gratings instead 
of the Kerr angle of rotation multiplier prism 64 and 
the polarized beam splitter 66 of Fig. 29. 

In the optical pickup device of Fig. 35. a lin- 35 
early polarized laser beam Li is projected from a 
semiconductor laser 89. The light Li is split by a 
diffraction grating 90a formed on a substrate 90b in 
a diffraction element 90, to produce a zeroth-order 
diffracted light L 2 o and a first-order diffracted light aq 
L 2 i that is diffracted at an angle of diffraction 01. 
The first-order diffracted light Un is then irradiated 
on a magneto-optical memory element 91 provided 
with a recording film 91b made of a magnetic thin 
film, and with a substrate 91a. <s 

The first-order diffracted light L21 is irradiated 
on the recording film 91b and is reflected after its 
plane of polarization is rotated through the 
magneto-optical effect. The reflected light L3 is 
split by the diffraction grating 90a to produce a so 
zeroth-order diffracted light L*o that is a transmitted 
light, and a first-order diffracted light L41 that re- 
turns toward the semiconductor laser 89. The plane 
of polarization of the zeroth-order diffracted light 
Uo is rotated by 45 * by a half-wave plate 92 and 55 
the zeroth-order diffracted light Uo impinges upon 
a diffraction grating 93a formed on a substrate 93b 
in a diffraction element 93 thereafter. The zeroth- 



order diffracted light Uo is split to produce a 
zeroth-order diffracted light L50 that is transmitted, 
and a first-order diffracted light L51 that is dif- 
fracted at an angle of diffraction /Si . The zeroth- 
order diffracted light Lso and the first-order dif- 
fracted light L51 are respectively received by the 
photodetectors 94 and 95. Information on the 
magneto-optical memory element 91 is reproduced 
by amplifying the output signals of the photodetec- 
tors 94 and 95 in a differential amplifier 96. When 
necessary, convex lenses 97 and 98 may be 
placed between the diffraction grating 93 and the 
photodetectors 94 and 95, as illustrated in Fig. 36. 

Fig. 37 shows a graph illustrating the diffraction 
efficiency of the two mutually orthogonal polariza- 
tions for the zeroth-order diffracted light L* 0 and 
the first-order diffracted light U1 produced by the 
diffraction grating 90a, as a function of the groove 
depth of the grating. In Fig. 37. it is supposed that 
in the optical pickup device, the grating pitch of the 
diffraction grating 90a equals 0.59a (where a is the 
wavelength of the relative laser light),, and the index 
of refraction of the substrate 90b equals 1 .45. Here, 
Uo(TE) represents the polarization in the zeroth- 
order diffracted light Uo. whose polarization is par- 
allel with the grating lines of the diffraction grating 
90a (the direction perpendicular to the paper sur- 
face in Fig. 35), and Ui(TE) represents the po- 
larization in the first-order diffracted light Ui, 
whose direction is parallel with the grating lines of 
the diffraction grating 90a. Similarly, Uo(TM) repre- 
sents the polarization in the zeroth-order diffracted 
light Uo which direction is perpendicular to the 
grating lines of the diffraction grating 90a, and L41- 
(TM) represents the polarization in the first-order 
diffracted light U1 whose direction is perpendicular 
to the grating lines of the diffraction grating 90a. 

As it is clearly shown in the figure, the ratio of 
the diffraction efficiency of Uo(TM): the diffraction , 
efficiency of Ui(TM) almost equals 100:0 while the 
ratio of the diffraction efficiency of Uo(TE): the 
diffraction efficiency of L*i(TE) varies in accor- 
dance with the groove depth of the diffraction grat- 
ing 90a. 

In the conventional pickup device illustrated in 
Fig. 29, the P polarization (corresponding to the 
above TE polarization) of the reflected light from 
the magneto-optical memory element 56 is trans- 
mitted through and reflected on the Kerr angle of 
rotation multiplier prism 64 with a ratio set to about 
70:30. Meanwhile the S polarization (corresponding 
to the above TM polarization) of the reflected light 
from the magneto-optical memory element 56 is 
transmitted through and reflected on the Kerr angle 
of rotation multiplier prism 64 with a ratio set to 
almost 0:100. Accordingly, characteristics almost 
equivalent the characteristics of the conventional 
Kerr angle of rotation multiplier prism 64 can be 
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created in the diffraction grating 90a of Fig. 35 by 
setting L4 0 TE):Ut(TE)~30:70. and : Uo(TM):Ui- 
(TM)=i100:0. As it is clearly shown in Fig. 37, the 
groove depth satisfying these conditions is approxi- 
mately equal to 0.77a. While with the Kerr angle of 
rotation multiplier prism 64 of Fig.29, information 
signals are detected through the reflected light, 
with the diffraction grating 90a of Fig.35, informa- 
tion signals are detected through the zeroth-order 
diffracted light Uo (transmitted light). The diffrac- 
tion grating 90a is thus designed such that the TM 
polarization of the reflected light from the magneto- 
optical memory element 91 is transmitted at virtu- 
ally 100%. 

In addition, the diffraction element 93 is for 
example composed of a diffraction grating 93a of 
the same pitch and of the same direction as the 
diffraction grating 90a, formed on a substrate 93b 
of the same index of refraction as the substrate 
90b. In order to give a polarization property to the 
diffraction grating 93a, its groove depth is set at 
approximately 1.2a. As a result, for the TE polariza- 
tion that is parallel to the grating lines, l_so(TE):L 5 i- 
(TE)=.0:100, while for the TM polarization that is 
perpendicular to the grating lines, Lso(TM):Lsi(TM)- 
^100:0. Consequently, with the diffraction grating 
93a, the zeroth-order diffracted light Lso is almost 
composed entirely of a TM polarization while the 
first-order diffracted light Lsi is almost entirely 
composed of a TE polarization. Moreover, as the 
zeroth-order diffracted light Uo is rotated by 45* 
by the half-plate 92 located short of the diffraction 
element 93. the axis serving as a reference for the 
separation of the polarized lights produced by the 
diffraction grating 93a. is rotated by 45* with re- 
spect to the linearly polarized light projected from 
the semiconductor laser 89. 

However, in the conventional polarization dif- 
fraction element 81 shown in Fig. 32, the diffraction 
angle of the light diffracted by the diffraction grat- 
ing 83 is dependant on the wavelength of the 
incident light 84. For example when a laser diode 
is used as a light source, the wavelength of the 
light projected from the laser diode changes in 
accordance with the variation in the ambient tem- 
perature thereby causing the aforementioned dif- 
fraction angle to vary. 

For instance, when the wavelength of the in- 
cident light 84 equals a predetermined wavelength, 
the first-order diffracted light 84b is diffracted at a 
predetermined diffraction angle and is converged 
accurately on the photodetector 88 by the converg- 
ing lens 86. At this time, if the ambient temperature 
lowers and the wavelength of the incident light 84 
becomes shorter than the predetermined 
wavelength, the diffraction angle will consequently 
become smaller causing the first-order diffracted 
light 84b that was diffracted by the diffraction grat- 



ing 83 to deviate greatly off the predetermined 
optical path as shown by the chain double-dashed 
line in the figure. This gives rise to the inconve- 
nience that the first-order diffracted light 84b can- 

s not be converged on the prescribed position on the 
photodetector 88 and that the detection of the S 
polarization cannot be performed. 

As described above, in the polarization diffrac- 
tion element 81. the grating pitch of the diffraction 

70 grating 83 is set so as to be approximately equal to 
the wavelength. As a result, a slight change in the 
wavelength of the incident light 84 causes the 
diffraction angle to vary greatly and causes the 
optical path of the first-order diffracted light 84b to 

rs deviate. The first-order diffracted light 84b that 
deviated off the optical path can be received by 
making the light receiving portion of the 
photodetector 88 bigger. However, this represents 
a disadvantaging factor when aiming at producing 

20 an optical pickup device that is compact and light, 
as the optical pickup device gets large when the 
polarization diffraction element 81 is incorporated 
therein together with the photodetector 88. Be- 
sides, even if the photodetector 88 is made bigger. 

25 difficulties arise as the focus of the first-order dif- 
fracted light 84b is not formed at a constant posi- 
tion on the photodetector 88 because of the vari- 
ation in the wavelength of the incident light 84 
thereby causing a decline in the accuracy of the 

30 detection of the S polarization. 

Further, as the diffraction angle of the first- 
order diffracted light 84b equals approximately 
100* , the first-order diffracted light 84b and the 
zeroth-order diffracted light 84a travel at a great 

35 distance from each other. The photodetectors 87 
and 88 have thus to be mounted in distant posi- 
tions, i 
The same difficulties arise with the optical pic- 
kup devices shown in Fig. 33 and Fig: 35. For 

40 instance in Fig. 35. the diffraction angle jSi of the 
diffraction grating 93a is quite big and equals ap- 
proximately 100* to 120*. The photodetectors 94 
and 95 thus need to formed independently and to 
be positioned in different directions. In addition, 

45 when a variation occurs in the wavelength of the 
laser beam projected from the semiconductor laser 
89, the focal position of the first-order diffracted 
light Lsi on the photodetector 95 shifts and in 
extreme cases slips off the photodetector 95 as 

so shown in Fig. 36, whereby the detection of informa- 
tion signals cannot be performed. Consequently, 
like in the aforementioned case, it is difficult to 
produce an optical pickup device that is compact 
and light. Furthermore, setting the relative positions 

55 of the diffraction grating 93a and the photodetec- 
tors 94 and 95 is a difficult task. 

The diffraction grating 83 of Fig. 32 is fab- 
ricated so that the P polarization is transmitted at 
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virtually 100%, and the S polarization is diffracted 
at virtually 100%. Suppose a diffraction efficiency 
5 0P represents the diffraction efficiency when the P 
polarization is transmitted to produce the zeroth- 
order diffracted light 84a t and a diffraction effi- s 
ciency 5 1S represents the diffraction efficiency 
when the S polarization is diffracted to produce the 
first-order diffracted light 84b. In practice, when the 
incident light 84 impinges upon the single diffrac- 
tion grating 83, the diffraction efficiency 5„f» and the 10 
diffraction efficiency 5 1S are both equal to approxi- 
mately 0.99. Consequently, the zeroth-order dif- 
fracted light 84a that passed through the diffraction 
grating 83. contains a small amount of S polariza- 
tion that was transmitted through the diffraction is 
grating 83 with a diffraction efficiency 5 0S equal to 
approximately 0.01. Similarly, the first-order dif- 
fracted light 84b that was diffracted by the diffrac- 
tion grating 83, contains a small amount of P 
polarization that was diffracted by the diffraction 20 
grating 83 with a diffraction efficiency 5 1P equal to 
approximately 0.01 . 

Accordingly, when splitting the incident light 84 
by means of the single diffraction grating 83. the 
ratio of the diffraction efficiency 5 0 s to the diffrac- 25 
tion efficiency 5 0 p shows the proportion of other * 
polarizations contained in the desired polarization, 
i.e. the degree of polarization, for the zeroth-order 
diffracted light 84a. Similarly, the ratio of the dif- 
fraction efficiency 5ip to the diffraction efficiency 30 
5 1Sl shows the degree of polarization for the first- 
order diffracted light 84b. Consequently, when de- 
termining the degree of polarization of the zeroth- 
order diffracted light and of the first-order diffracted 
light, both are found to be equal to about 0.01. 35 
Therefore the degree of separation of the P po- 
larization and S polarization is not of a level suffi- 
cient for practical use. 

Moreover, in the optical pickup device shown 
in Fig. 33. a difference resulting from the polariza- 40 
tion property of the diffraction grating 77a. 77b, 77c 
or 77d of Fig. 34, occurs between the phases of 
the P polarization and S polarization contained in 
the zeroth-order diffracted light produced by the 
polarization diffraction element 77. The zeroth-or- 45 
der diffracted light that was transmitted through the 
polarization diffraction element 77, thus become an 
eliiptically polarized light thereby causing a decline 
in the quality of the reproduction signal. 

As the above phase difference is due to the so 
polarization property of the polarization diffraction 
element 77, it cannot be suppressed by optimizing 
the design of the polarization diffraction element 
77. The phase difference can be compensated for 
instance, by inserting a phase compensating plate, 55 
not shown, between the polarization diffraction ele- 
ment 77 and the birefringent wedge 78. However 
this causes the number of parts to increase. The 



optical pickup device shown in Fig. 35 also 
presents a similar problem. 

Phase shifting elements and antireflection ele- 
ments are fundamental optical elements used in 
optical devices such as the optical pickup device 
described above. 

A phase shifting element controls the phase 
difference of two polarizations of mutually ortho- 
gonal polarizations, and in the conventional art is 
fabricated by using a crystalline body. Fig. 38 
illustrates a conventional example. 

A phase shifting element 99 is made of a 
crystalline plate of a thickness T, for example a 
quartz plate, and is mounted so that its optical axis 
is parallel to an axis X. Suppose the light the quartz 
plate is designed for, has a wavelength of 780nm. 
The index of refraction ni for a X direction polariza- 
tion whose electric field component is parallel with 
the optical axis, is ni = 1.48. And the index of 
refraction 02 for a Y direction polarization whose 
electric field component is orthogonal to the optical 
axis is n2= 1.52. 

Accordingly, by adjusting the thickness T of 
the phase shifting element 99. a linearly polarized 
light Et which X direction polarization phase and Y 
direction polarization phase are equal, as shown in 
Fig. 39(a) and Fig. 39(b). may be converted when 
passing through the phase shifting element 99 into 
a circularly or eliiptically polarized light E 2 which Y 
direction polarization phase lags behind the X di- 
rection polarization phase by for example about 
90*. as shown in Fig. 40(a) and Fig. 40(b). A 
specimen of a linearly polarized light is shown in 
Fig. 41(a) and a specimen of circularly or eliip- 
tically polarized light is shown in Rg. 41(b). 

On the other hand, in the conventional art. 
reflection on the surface of an optical member is 
prevented by forming an antireflection coating on 
the surface of the optical member. Fig. 42 shows 
an example of antireflection coating. 

On the surface of an optical member 100. there 
is applied by deposition an antireflection coating 
101 made of a dielectric material of an index of 
refraction slightly smaller than the index of refrac- 
tion of the optical member 100, for example of 
MgF (index of refraction n= 1.36). The antireflec- 
tion coating 101 should be made of a material with 
an index of refraction n= Vno, where n 0 is the 
index of refraction of the optica! member 100, and 
should have a thickness T such that mT = a/4 
(m=0, 1, 2...) where a is the wavelength of the 
light the antireflection coating 101 is designed for. 

However, as the phase shifting element 99 is 
composed by a crystalline body, it has the dis- 
advantage that its cost is generally expensive and 
that the direction of its crystal axis needs to be 
taken in account during its manufacturing process. 
In addition, as the adjustment of the thickness T is 
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performed by polishing, polishing and measuring 
need to be performed repeatedly, causing the pro- 
cess to be time consuming. Moreover, the only 
method of incorporating the phase shifting element 
99 into another optica! part is to form the phase 
shifting element 99 separately and to affix it there- 
after. The fabrication as well as the operation of 
affixing the phase shifting element 99 thus used to 
be extremely complex. 

Moreover, the material selected for forming the 
conventional antiref lection coating 101 needs to be 
a dielectric material which index of refraction n is 
equal to the square root of the index of refraction 
n 0 of the optical member 100. Consequently, dif- 
ficulties arise when such a dielectric material does 
not exist, as the antirefiection coating 101 has to be 
formed by multiple layers using a plurality of di- 
electric materials. 



SUMMARY OF THE INVENTION 



An object of the present invention is to provide 
an optical element to be used as a polarization 
diffraction element capable of detecting a first- 
order diffracted light at a predetermined position on 
a photodetector independently of variations in the 
wavelength of the incident light. 

Another object of the present invention is to 
provide an optical element to be used as a po- 
larization diffraction element that enhances the de- 
gree of separation of polarizations by reducing the 
degree of polarization of the zeroth-order diffracted 
light and of the first-order diffracted light, and that 
improves the accuracy in the detection of the po- 
larized lights. 

Another object of the present invention is to 
provide an optical element to be used as a po- 
larization diffraction element whereby photodetec- 
tors for detecting polarized lights, i.e. the zeroth- 
order diffracted light and the first-order diffracted 
light, can be installed in proximity. 

Still another object of the present invention is 
to provide an optical element to be used as a 
polarization diffraction element or a polarization dif- 
fraction unit capable of compensating a difference 
that occurs between the phases of different po- 
larizations in a diffraction grating. 

Yet another object of the resent invention is to 
provide an optical pickup device that comprises a 
polarization diffraction element or a polarization dif- 
fraction unit capable of compensating the differ- 
ence that occurs between the phases of different 
polarizations in a diffraction grating. 

Stili another object of the present invention is 
to provide an optical element to be used as a 
phase shifting element that is simple, can be man- 



ufactured economically and in which a linear grat- 
ing merely needs to be installed on a face of a 
transparent substrate. 

Further another object of the present invention 

s is to provide an optical element to be used as an 
antirefiection element that is simple, can be manu- 
factured economically, that can be adapted to sub- 
strates of any index of refraction, and in which a 
linear grating merely needs to be installed on a 

70 face of a transparent substrate. 

Yet another object of the present invention is to 
provide an optical pickup device of an overall com- 
pact size and in which the number of parts is 
reduced. 

T5 Still another object of the present invention is 
to provide an optical pickup device provided with a 
polarized light detecting unit whereby the relative 
positions of a diffraction grating and of first and 
second photodetectors can be determined accu- 

20 rateiy. 

Yet another object of the present invention is to 
provide an optical pickup device provided with a 
polarized light detecting unit whereby a first-order 
diffracted light does not slip off a second 

25 photodetector even when the angle of diffraction 
varied because of a fluctuation in the wavelength of 
the incident light due to a change in the tempera- 
ture or other reason, and whereby the detection 
performed by the second photodetector is reliable. 

30 Further another object of the present invention 
is to provide an optical pickup device that is com- 
pact, light, and capable of accessing accurately a 
magneto-optical recording medium. 

Yet another object of the present invention is to 

35 provide an optical pickup device that performs the 
detection of recording signals based on the Kerr 
angle of rotation with high accuracy, and in which 
recording signals of high quality can be obtained. 
In order to achieve the aforementioned objects. 

40 an optical element in accordance with the present 
invention comprises a linear grating which grating 
pitch is approximately equal to the wavelength of 
the light the linear grating is designed for, and that 
is formed on a transparent base of a flat plate 

45 shape. 

Suppose the index of refraction of the base is 
n, the wavelength of the concerned light is a, and 
the grating pitch of the linear grating is A; n. a and 
A should preferably satisfy A£a/n. 

so In addition, the cross section of the linear grat- 
ing may be formed by recessions and protrusions. 

In this case, the cross section of the linear 
grating may be for example a rectangular profile or 
a sinusoidal wave profile. 

55 With the arrangement described above, an op- 
tical element having a function for shifting a phase 
and other functions, may be formed easily and 
inexpensively with no need of a costly and delicate 
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material- such as a crystalline body, by merely 
forming a linear grating on a face of a transparent 
base. 

This optical element may be for example used 
as a phase shifting element. In this case, the rela- 
tive phase difference of a polarization whose direc- 
tion is parallel with the direction of the linear grat- 
ing, and a polarization whose direction is ortho- 
gonal to the direction of the linear grating, is con- 
trolled in the linear grating portion of the optical 
element. The phase difference may be controlled 
to a desired value by for example adjusting the 
groove depth of the linear grating. Besides, in this 
case the base should preferably be made of glass 
or of transparent plastic. 

The inventor of the present invention realized 
that forming a linear grating on a face of a trans- 
parent base, enhances the transmittance. As a re- 
sult the optical element can also be used as an 
antireflection element. In this case too, the trans- 
mittance may be controlled to a suitable value by 
adjusting the groove depth of the linear grating. 
When the optical element is used as an antireflec- 
tion element the linear grating can be formed on, 
and thus incorporated in the optical member one 
wants to be prevented from reflection. By incor- 
porating the antireflection element in the desired 
optical member in the manner described above, 
the structure of the optical member may be simpli- 
fied and its fabrication process facilitated. 

Further, the optical element is characterized in 
comprising a polarization diffraction element pro- 
vided with a substrate made of a material having 
an optical anisotropy property, and a diffraction 
grating made of the aforementioned linear grating. 
Another characteristic of the optical element is that 
the thickness of the substrate is set such that the 
difference between the phases of the P polarization 
and S polarization of the diffracted light produced 
by the diffraction grating, and the difference be- 
tween the phases of the P polarization and the S 
polarization occurring when the diffracted light 
propagates through the substrate, cancel out. 

The substrate should preferably be formed by 
an uniaxial crystal that is provided with a single 
optica! axis. 

As uniaxial crystal, for instance, quartz may be 
used. 

In this case, the diffraction grating should be 
formed so as to be parallel with the optical axis of 
the substrate. 

The diffraction grating may be formed by 
grooves made on the substrate. 

The diffraction grating may also be of a refrac- 
tive index modulation type which is formed such 
that the indexes of refraction of the diffraction grat- 
ing and of the remaining portion of the substrate 
differ. 



With the arrangement described above, the 
substrate of the polarization diffraction element is 
made of a material having an optical anisotropy 
property. As a result, when a zeroth-order dif- 

5 fracted light or a first-order diffracted light propa- 
gates through the substrate, a phase difference 
occurs between its P polarization and its S po- 
larization. The phase difference varies in accor- 
dance with the distance of propagation through the 

w substrate. Accordingly, in the polarization diffraction 
element, for example when the phase difference 
between the P and the S polarizations of the 
zeroth-order diffracted light needs to be eliminated, 
the phase difference between the P and the S 

75 polarizations of the zeroth-order diffracted light oc- 
curring in the diffraction grating can be compen- 
sated by adjusting the thickness of the substrate. 
Namely, the thickness of the substrate should be 
set such that the phase difference occurring be- 

20 tween the different polarizations of the zeroth-order 
diffracted light due to the optical anisotropy prop- 
erty ' of the substrate, and the phase difference 
occurring between the different polarizations of the 
zeroth-order diffracted light due to the polarization 

25 property of the diffraction grating, cancel out. 

Similarly, when the phase difference between 
the P and S polarizations of the first-order dif- 
fracted light needs to be eliminated, the thickness 
of the substrate should be set such that the phase 

30 difference between the different polarizations of the 
first-order diffracted light occurring due to the op- 
tical anisotropy property of the substrate, and the 
phase difference between the different polarizations 
of the first-order diffracted light occurring due to 

35 the polarization property of the diffraction grating, 
cancel out. 

In order to give a polarization property to the 
diffraction grating, the grating pitch should be set 
so as to be approximately equal to the wavelength 

40 of the diffracted light. 

If the substrate is made of an uniaxial crystal, 
and the diffraction grating designed so as to be 
parallel with the optical axis of the substrate, even 
when the light that impinged upon the polarization 

45 diffraction element is refracted or diffracted, the 
polarization direction of the light with respect to the 
optical axis does not vary. The design of the po- 
larization diffraction element is thus facilitated, and 
a maximum polarization anisotropy can be ob- 

so tained. As a result, the thickness of the substrate 
needed for compensating the phase difference be- 
tween the P polarization and the S polarization 
occurring in the diffraction grating, can be reduced. 
The present invention is also characterized in 

55 that, in an optical pickup device provided with a 
light source, an optical system for guiding a light 
beam projected from the light source onto a 
magneto-optical recording medium and leading the 
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light reflected therefrom to a photodetector, and the 
photodetector for detecting the recording signals of 
the magneto-optical recording medium based on 
the Kerr angle of rotation, 

the aforementioned polarization diffraction element 
is mounted in the optical path of the reflected light 
extending from the magneto-optical recording me- 
dium to the photodetector. 

The optical pickup device for magneto-optical 
recording medium in accordance with the present 
invention, comprises a polarization diffraction ele- 
ment which is the aforementioned optical element 
in accordance with the present invention. As a 
result, when detecting recording signals based on 
the Kerr angle of rotation, rf the detection of the 
Kerr angle of rotation fs performed based on the 
zeroth-order diffracted light produced by the po- 
larization diffraction element, the thickness of the 
substrate of the polarization diffraction element 
should be determined so that no phase difference 
occurs between the P polarization and the S po- 
larization of the zeroth-order diffracted light. The 
zeroth-order diffracted light that was transmitted 
through the polarization diffraction element is thus 
a linearly polarized light whereby the recording 
signals can be detected accurately. 

When detecting the Kerr angle of rotation 
based on the first-order diffracted light produced 
by the polarization diffraction element, the thick- 
ness of the substrate of the polarization diffraction 
element should be determined so that no phase 
difference occurs between the P polarization and 
the S polarization of the first-order diffracted light. 

Further, an optical element in accordance with 
the present invention comprises a polarization dif- 
fraction element provided with a first diffraction 
grating and a second diffraction grating, each hav- 
ing a grating pitch approximately equal to the 
wavelength of an incident light, and each being 
mounted on a different side of a transparent sub- 
strate of a fiat plate shape. The first diffraction 
grating and the second diffraction grating are 
formed such that their respective spacing gratings 
are equal, and such that their respective grating 
lines are parallel. 

With the aforementioned arrangement, when an 
incident light of a given wavelength impinges upon 
the polarization diffraction element, a zeroth-order 
diffracted light which is the portion of the incident 
light that was transmitted through the first diffrac- 
tion grating, is further transmitted through the sec- 
ond diffraction grating. Meanwhile, a first-order dif- 
fracted light which is the portion of the incident 
light that was diffracted by the first diffraction grat- 
ing, impinges upon the second diffraction grating 
where it is further diffracted. The incident light is 
thus split into different polarized lights. 

Generally, the angle of diffraction of a dif- 



fracted light is determined in accordance with the 
grating pitch of the diffraction grating, and the 
wavelength of the incident light. Therefore, if the 
grating pitch of the first diffraction grating and the 

s grating pitch of the second diffraction grating are 
formed so as to be equal, the angle of diffraction at 
the first diffraction grating and the angle of diffrac- 
tion at the second diffraction grating will be equal. 
Hence, when the first-order diffracted light that was 

io diffracted by the first diffraction grating, impinges 
upon and is diffracted by the second diffraction 
grating, it comes out from the polarization diffrac- 
tion element in parallel with the zeroth-order dif- 
fracted light. 

ts For example if the wavelength of the incident 
light becomes shorter, the angles of diffraction of 
the first-order diffracted light at the first diffraction 
grating and second diffraction grating consequently 
become smaller. However, as the grating pitches of 

20 the two diffraction gratings are designed so as to 
be equal, the aforementioned angles of diffraction 
are equal, and the first-order diffracted light comes 
out in parallel with the zeroth-order diffracted light, 
in the same way as when the incident light of the 

25 given wavelength was impinging. As the angles of 

* diffraction become smaller, the first-order diffracted 
light slips off the predetermined optical path when 
traveling inside the substrate. However since the 
substrate is thin, the deviation from the optical path 

30 is a slight one, and the position where the first- 
order diffracted light comes out from the polariza- 
tion diffraction element is shifted only slightly. Ac- 
cordingly, when such a polarization diffraction ele- 
ment is incorporated in an optical pickup device, 

35 the first-order diffracted light may be detected at a 
predetermined position on a photodetector even 
when the wavelength of the incident light varies, by 
converging the first-order diffracted light on the 
photodetector, across an optical system composed 

40 of a converging lens or other members. 

In addition, since the zeroth-order diffracted 
light and the first-order diffracted light that were 
separated by the polarization diffraction element 
travel in parallel directions, the photodetectors that 

45 detect these polarized lights can be mounted in 
close proximity. The space the photodetectors oc- 
cupy is thus reduced. Accordingly, when incor- 
porating the polarization diffraction element in an 
optical pickup device, the design of an optical 

so pickup device that is compact and light is facili- 
tated. 

Furthermore, as the incident light has to go 
through two diffraction gratings, the degree of po- 
larization of the zeroth-order diffracted light and the 
55 degree of polarization of the first-order diffracted 
light are reduced, whereby the degree of separa- 
tion of the polarizations is enhanced. The accuracy 
in the detection of the polarized lights may be thus 
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improved. 

Further, an optical element in accordance with 
the present invention comprises a polarization dif- 
fraction unit in which: 

a diffraction grating which grating pitch is approxi- 
mately equal to the wavelength of the light the 
diffraction grating is designed for, is formed on a 
face of a transparent substrate, and 
a phase compensating grating which grating lines 
are virtually orthogonal to the lines of the diffraction 
grating, is formed on the face of the substrate 
opposite to the face whereon the diffraction grating 
is formed. 

In the polarization diffraction unit, the phase 
compensating grating is formed on the face of the 
substrate opposite to the face" whereon the diffrac- 
tion grating is formed. As a result, the phase dif- 
ference that occurs between two polarizations in 
the diffraction grating is compensated by the phase 
compensating grating, and the polarizations are in 
phase when the light comes out from the substrate. 
Moreover, as its grating lines are virtually ortho- 
gonal to the lines of the diffraction grating, no 
diffraction occurs in the phase compensating grat- 
ing. 

An optical pickup device in accordance with 
the present invention is provided with: 
a fight source such as a semiconductor laser that 
irradiates a linearly polarized light such as a laser 
beam on a magneto-optical recording medium, 
a photodetector that receives the light reflected 
from the magneto-optical recording medium and 
detects the rotation of the plane of polarization due 
to the magneto-optical effect in the reflected light, 
and 

the above polarization diffraction unit mounted be- 
tween the magneto-optical recording medium and 
the photodetector. 

As the optical pickup device in accordance with 
the above arrangement comprises the polarization 
diffraction unit described above, when a linearly 
polarized light which plane of polarization was 
rotated when it was irradiated on the magneto- 
optical recording medium, is transmitted through or 
diffracted by the polarization diffraction unit and led 
to the photodetector, practically no phase differ- 
ence occurs between the two polarizations in the 
polarization diffraction unit. As a result, since the 
light that was led to the photodetector across the 
polarization diffraction unit is a linearly polarized 
light, information on the magneto-optical recording 
medium can be accurately reproduced. 

Further, an optical pickup device in accordance 
with the present invention comprises a polarized 
light detecting unit that is provided with: 
a diffraction grating which grating pitch is approxi- 
mately equal to the wavelength of the light the 
diffraction grating is designed for, that is formed on 



a transparent substrate, and that separates an in- 
cident light into two polarized lights having mutu- 
ally orthogonal polarizations, 
a first photodetector that is mounted integrally and 
s virtually in parallel with the substrate, and that 
receives a zeroth-order diffracted light produced by 
the diffraction grating, and 

a second photodetector that is located in the same 
plane as the first photodetector and mounted integ- 

w rally with the first photodetector and the substrate, 
and that receives a first-order diffracted light pro- 
duced by the diffraction grating; 
and that is designed such that the distance be- 
tween the diffraction grating and the first and sec- 

75 ond photodetectors is within 10mm. 

An optical pickup device in accordance with 
the present invention comprises a polarized light 
detecting unit that is provided with: 
converging means composed by a convex lens or 

20 other member, for converting a parallel or diverging 
beam into a converging beam, 
a diffraction grating which grating pitch is approxi- 
mately equal to the wavelength of the light the 
diffraction grating is designed for. that is formed on 

25 a transparent substrate, and that splits an incident 
4ight coming from the converging means into two 
polarized lights having mutually orthogonal polar- 
izations, 

a first photodetector that is mounted integrally and 

30 virtually in parallel with the substrate, and that 
receives a zeroth-order diffracted light produced by 
the diffraction grating, and 
a second photodetector that is located in the same 
plane as the first photodetector and mounted integ- 

35 rally with the first photodetector and the substrate, 
and that receives a first-order diffracted light pro- 
duced by the diffraction grating; 
and that is designed such that the distance be- 
tween the diffraction grating and the first and sec- 

40 ond photodetectors is within 2mm. 

In each of the polarized light detecting units 
described above, the grating pitch should be set to 
0.5 to 1 time the wavelength of the light the diffrac- 
tion grating is designed for. 

45 The diffraction grating may be a relief type 

diffraction grating formed by recessions and protru- 
sions. 

In this case the cross section of the diffraction 
grating may be for instance a rectangular profile or 
so a sinusoidal wave profile. 

The substrate may be made of glass or of 
plastic. 

In the second polarized light detecting unit 
described above, the convergence angle of the 
55 converging beam should preferably be less than 
20*. 

Further, in each of the above optical pickup 
devices, the first and second photodetectors may 
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be formed directly on the substrate on the face 
opposite to the face whereon the diffraction grating 
is formed. 

In the polarized light detecting unit of an optical 
pickup device in accordance with the present in- 
vention as described in the first arrangement, the 
diffraction grating having a polarization property 
and the first and second photodetectors that re- 
ceive the different polarized lights are formed in- 
tegrally. As a result, the number of parts may be 
cut down, and the relative positions of the diffrac- 
tion grating and the first and second photodetec- 
tors can be determined accurately. In addition, as 
the distance between the diffraction grating and the 
first and second photodetectors was set such as to 
be within 10mm, the overall polarized fight detect- 
ing unit can be designed in a small size. The 
optical pickup device comprising the polarized light 
detecting unit may be thus formed in a compact 
size. 

Further, as the substrate whereon the diffrac- 
tion grating is formed and the first and second 
photodetectors are separated by a short distance 
and formed integrally, the first-order diffracted light 
is not likely to slip off the second photodetector 
even when the angle of diffraction changed be- 
cause of a fluctuation in the wavelength of the light 
(a laser light or the like) due to a variation in the 
temperature or other reason. Its detection can be 
thus performed accurately by the second 
photodetector. 

On the other hand, in the polarized light detect- 
ing unit of an optical pickup device in accordance 
with the present invention as described in the sec- 
ond arrangement, the converging means is moun- 
ted short of the diffraction grating and a converging 
beam is made to impinge on the diffraction grating. 
As a result, the distance between the diffraction 
grating and the first and second photodetectors 
may be further reduced and set so as to be within 
2mm. The polarized light detecting unit and the 
optical pickup device may be thus made smaller 
and lighter. 

BRIEF DESCRIPTION OF THE DRAWINGS 



The present invention will become more fully 
understood from the detailed description given 
hereinbelow and the accompanying drawings which 
are given by way of illustration only, and thus, are 
not limitative of the present invention, and wherein: 

Fig. 1 to Fig. 3 illustrate an embodiment of 
the present invention; 

Fig. 1 is a vertical cross-sectional view illus- 
trating the structure of a polarization diffraction 
element and the state of diffraction of an incident 



light when it is diffracted by the polarization diffrac- 
tion element; 

Fig. 2 is a partially enlarged view of Fig. 1 
illustrating the form of a diffraction grating; 
s Ftg. 3 is a vertical cross-sectional view illus- 

trating the situation in which polarized lights that 
were separated by the polarization diffraction ele- 
ment, are detected; 

Fig. 4 is a vertical cross-sectional view illus- 
w trating another embodiment of the present inven- 
tion and illustrates the situation in which polarized 
lights that were separated by the polarization dif- 
fraction element are detected; 

Fig. 5 to Rg. 8 illustrate another embodiment 
rs of the present invention; 

Rg. 5 is a partial cross-sectional view illus- 
trating the form of a diffraction grating; 

Rg. 6 is a perspective view illustrating an 
optical element serving as a phase shifting e!e- 
20 ment; 

Fig. 7 is a graph illustrating the relationship 
between the groove depth of the grating and a 
phase difference; 

Fig. 8 is a graph illustrating the relationship 
25 between the groove depth of the grating and the 
transmittehce of the light; 

Rg. 9 and Rg. 10 illustrate another embodi- 
ment of the present invention; 

Rg. 9 is a partial cross-sectional view illus- 
30 trating the form of a diffraction grating; 

Rg. 10 is a perspective view of an optical 
member provided with an antireflection element; 

Rg. 1 1 and Rg. 12 illustrate another embodi- 
ment of the present invention; 
35 Rg. 1 1 is a cross-sectional view illustrating a 

polarization diffraction element; 

Rg. 12 is a partially enlarged vertical cross- 
sectional view of Rg. 1 1 illustrating the form of a 
diffraction grating; 
40 Rg. 13 to Rg. 16 illustrate another embodi- 

ment of the present invention; 

Rg. 13(a) and Fig. 13(b) are front views 
respectively illustrating a diffraction grating and a 
phase compensating grating; 
45 Rg. 14 is a schematic organization chart 

illustrating an optical pickup device; 

Rg. 15 is a graph illustrating the relationship 
between the groove depth of the diffraction grating 
and the phase difference of TE and TM polariza- 
50 tions; 

Rg. 16 is a front view illustrating a modified 
example of the phase compensating grating; 

Rg. 17 to Fig. 19 illustrate another embodi- 
ment of the present invention; 
55 Rg. 17 is a schematic cross-sectional view 

illustrating a polarized light detecting unit; 

Rg. 18 is a partially enlarged vertical cross- 
sectional view of Rg- 17 illustrating the form of a 
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diffraction grating; ' 

Fig. 19 is a view illustrating an optical pickup • 
device that includes the polarized light detecting 
unit; 

Fig. 20 and Fig. 21 illustrate another embodi- 
ment of the present invention; 

Fig. 20 is a view illustrating a polarized light 
detecting unit; 

Fig. 21 is a schematic cross-sectional view 
illustrating the polarized light detecting unit body; 

Fig. 22 is a view illustrating the polarized 
light detecting unit of another embodiment of the 
present invention; 

Fig. 23 to Fig. 42 illustrate conventional ex- 
amples; 

Fig. 23 is a view illustrating essential parts of 
a modified example of the optical pickup device of 
Fig. 30; 

Fig. 24(a) is an enlarged view illustrating 
essential parts of Fig. 23: 

Fig. 24(b) is a front view illustrating the 
photodetector of Fig. 24(a); 

Fig. 25 is a view illustrating essential parts of 
another modified example of the optical pickup 
device of Fig. 30; 

Fig. 26 is a schematic organization chart 
illustrating an optical pickup device; 

Fig. 27 is a view illustrating the rotation of 
the plane of polarization due to the magneto-optical 
effect; 

Fig. 28 is a view illustrating a Kerr angle of 
rotation that was increased; 

Fig. 29 and Fig. 30 illustrate optical pickup 
devices; 

Fig. 31 is a front view illustrating a birefrin- 
gent wedge; 

Fig. 32 is a vertical cross-sectional view illus- 
trating the structure of a polarization diffraction 
element and the state of diffraction of an incident 
light when it is diffracted by the polarization diffrac- 
tion element; 

Fig. 33 is a schematic organization chart 
illustrating an optical pickup device; 

Fig. 34 is a front view illustrating the po- 
larization diffraction grating in the device of Fig. 33; 

Fig. 35 is a view illustrating an optical pickup 
device that includes a diffraction element; 

Fig. 36 is a cross-sectional view illustrating 
in detail a section of Fig. 35; 

Fig. 37 is a graph illustrating the relationship 
between the groove depth of a diffraction grating 
and the diffraction efficiency of TE and TM po- 
larizations; 

Fig. 38 is a perspective view illustrating a 
phase shifting element 

Fig. 39 is a time chart illustrating the phase 
difference between the different polarizations of a 
linearly polarized light; 



Fig. 40 is a time chart illustrating the phase 
difference between the different polarizations of a 
circularly or elliptically polarized light; 

Fig. 41(a) is view illustrating a specimen of a 
5 linearly polarized light; 

Fig. 41(b) is a view illustrating a specimen of 
a circularly or elliptically polarized light and 

Fig. 42 is a view illustrating an optical mem- 
ber provided with an antireflection coating. 

10 

DETAILED DESCRIPTION OF THE EMBODI- 
MENTS 

rs 

An embodiment of the present invention will be 
described with reference to Fig. 1 to Fig. 3. 

As illustrated in Fig. 1, a polarization diffraction 
element 1 as an optical element is composed by a 

20 substrate 2 that is transparent, of a flat plate shape 
and made of glass or other material, and by diffrac- 

tion gratings 3 and 4 mounted on both faces of the 

substrate 2. The grating pitch of each diffraction 
grating 3 and diffraction grating 4 is set so as to be 

25 approximately equal to the wavelength of an in- 
cident light 5. In addition, the grating lines of either 
of the diffraction gratings 3 and 4 are parallel with 
the direction orthogonal to the paper surface of the 
figure. The diffraction gratings 3 and 4 are of the 

30 relief type which are for example etched into the 
substrate 2. 

As illustrated in Fig. 2. in the diffraction grat- 
ings 3 and 4 there are formed rectangular protru- 
sions 6 inside equal grating pitches D. The diffrac- 

35 tion gratings 3 and 4 are arranged so that a P 
polarization contained in the incident light 5. whose 
electric field oscillates in a direction parallel with 
the paper surface of Fig. 1 . is transmitted at virtu- 
ally 100% therethrough. A S polarization contained 

40 in the incident light 5. whose electric field oscillates 
in a direction orthogonal to the paper surface of 
Fig. 1. is diffracted at virtually 100% thereat. There- 
fore, when in Fig. 1 the wavelength of the incident 
light 5 equals 0.8um and the index of refraction n 

45 of the substrate 2 equals 1.5, the grating pitch D is 
set to approximately 0.5um. the groove depth t of 
the grating to approximately Ittm and the ratio of 
the width Di of the protrusion 6 to the grating pitch 
D, i.e. the duty ratio Di/D is set to 0.5. 

so As illustrated in Fig. in the arrangement de- 
scribed above, when the incident light 5 impinges 
upon the polarization diffraction element 1 at an 
angle of incidence ft,, the P polarization is trans- 
mitted through the diffraction gratings 3 and 4 to 

55 produce a zeroth-order diffracted light 5a. and goes 
out from the polarization diffraction element 1. On 
the other hand, the S polarization contained in the 
incident light 5. is diffracted by the diffraction grat- 
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ing 3 at an angle of diffraction 0, to produce a first- 
order diffracted light 5b, is further diffracted by the 
diffraction grating 4 at an angle of diffraction 02, 
and goes out from the polarization diffraction ele- 
ment 1 . 

The angles of diffraction 0, and 02 are deter- 
mined in accordance with the grating pitches D of 
the diffraction gratings 3 and 4, and the wavelength 
of the incident light 5. Consequently, when the 
diffraction gratings 3 and 4 are formed so that their 
grating pitches D are equal, the angles of diffrac- 
tion 0i and 02 are also equal. The zeroth-order 
diffracted light 5a and the first-order diffracted light 
5b thus come out from the polarization diffraction 
element 1 in parallel. By setting the angle of in- 
cidence 0m of the incident light 5 so that it satisfies 
the equation: 
0 M =sirT 1 (a/2D) 

where a is the wavelength of the incident light that 
is by setting the angle of incidence 0n of the 
incident light 5 at the Bragg angle, the aforemen- 
tioned angle of incidence fa, and an angle of 
incidence 0 i2 can be made equal. The angle of 
incidence 0^ is the angle whereat the first-order 
diffracted light 5b that was diffracted by the diffrac- 
tion grating 3, impinges upon the diffraction grating 
4. The properties of the diffraction gratings 3 and 4 
may be thus rendered uniform easily. 

The detection of the zeroth-order diffracted 
light 5a and the first-order diffracted light 5b that 
were separated in the manner described above, will 
be described. 

As illustrated in Fig. 3, on the optical path of 
the zeroth-order diffracted light 5a. there are moun- 
ted a converging lens 7 at a predetermined dis- 
tance from the polarization diffraction element 1, 
and a photodetector 8 at a prescribed focal posi- 
tion. On the other hand, on the optical path of the 
first-order diffracted light 5b. there are mounted a 
converging lens 9 at a predetermined distance 
from the polarization diffraction element 1, and a 
photodetector 10 at a prescribed focal position. 
The photodetectors 8 and 10 are respectively in- 
stalled inside packages 11 and 12. 

With such an arrangement, when for certain 
reasons, the wavelength of the incident light 5 
becomes shorter than the given wavelength, both 
angles of diffraction 0i and 0 2 consequently be- 
come smaller angles of diffraction 0 t and 0 2. As 
a result, the first-order diffracted light 5b that was 
diffracted by the diffraction grating 3, deviates off 
the predetermined optical path and travels as 
shown by the chain double-dashed line, causing 
the position where the first-order diffracted light 5b 
impinges on the diffraction grating 4 to be shifted. 
However, as the substrate 2 is thin, the deviation 
off the optical path is a slight one, and the position 
where the first-order diffracted light 5b comes out 



from the polarization diffraction element 1 is shifted 
only slightly. In addition, since as described above, 
the grating pitches of the diffraction gratings 3 and 
4 are equal, the angles of diffraction 0 l and 0 2 

s also are equal. As a result the first-order diffracted 
light 5b comes out from the polarization diffraction 
element 1 in parallel with the zeroth-order dif- 
fracted light 5a. Accordingly, even when the 
wavelength of the incident light 5 becomes shorter. 

70 the position where the first-order diffracted light 5b 
comes out from the polarization diffraction element 
1 is shifted only slightly, and the first-order dif- 
fracted light 5b may be converged on the predeter- 
mined position on the photodetector 10 by the 

75 converging lens 9. 

The degree of polarization obtained with the 
diffraction gratings 3 and 4 will be described 
hereinafter. 

As shown in Fig. 1 , in practice, the zeroth-order 

20 diffracted light 5a that was transmitted through the 
diffraction grating 3 contains a small amount of S 
polarization that was transmitted with a diffraction 
efficiency 5 0 s in addition to the P polarization that 
was transmitted with a diffraction efficiency 5 0 p. 

25 The degree of polarization at this time is approxi- 
mately equal to 0.01, suppose the diffraction effi- 
ciencies 5 QP and 5 0P are equal to 0.99 and 0.01 
respectively. 

When the zeroth-order diffracted light 5a im- 

30 pinges upon the diffraction grating 4 which has the 
same diffraction efficiencies 5 0P and S QS as the 
diffraction grating 3, the diffraction efficiencies 5 0 p 
and 5 0 s are respectively raised to the second pow- 
er. As a result the P polarization is transmitted with 

35 the diffraction efficiency S 0P 2 , and the S polarization 
is transmitted with the diffraction efficiency 5os 2 . 
Hence, when the degree of polarization of the 
zeroth-order diffracted light 5a is determined in the 
same manner as described above, the value ob- 

40 tained equals approximately 0.0001 , that is 1/100 of 
the value obtained when the zeroth-order diffracted 
light 5a was transmitted through the diffraction grat- 
ing 3 only. 

Meanwhile, the incident light 5 is diffracted by 
45 the diffraction grating 3 to produce the first-order 
diffracted light 5b with a diffraction efficiency 6, P 
for the P polarization and a diffraction efficiency 5 1S 
for the S polarization. The first-order diffracted light 
5b then impinges upon the diffraction grating 4 
so- where the P polarization is diffracted with a diffrac- 
tion efficiency Si? 2 and the S polarization is dif- 
fracted with a diffraction efficiency 5 1S 2 . Accord- 
ingly, suppose the diffraction efficiencies 5 1P and 
5 1S are respectively equal to 0.01 and 0.99, the 
55 degree of polarization of the first-order diffracted 
light 5b equals 0.01 in the diffraction grating 3, and 
equals 0.0001 in the diffraction grating 4. 

This means that the amount of the S polariza- 
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tion contained in the zeroth-order diffracted light 5a 
is so small that it can be considered as almost 
non-existent The same can be said about the P 
polarization contained in the first-order diffracted . 
light 5b. 

Accordingly, as described above, by having the 
incident light 5 pass through the diffraction gratings 
3 and 4, the degree of separation of the P polariza- 
tion and S polarization contained in the incident 
light 5 may be. enhanced to a level high enough to 
be satisfactorily put into practice. 

Another embodiment of the present invention 
will be described with reference to Fig. 4. The 
members having the same functions than in the 
aforementioned embodiment will be designated by 
the same code and their description will be omit- 
ted. 

A converging lens 13 that converges a zeroth- 
order diffracted light 5a as well as a first-order 
diffracted light 5b. is disposed on the optical path 
of each of the diffracted lights. Photodetectors 8 
and 10 are mounted in a single package 14 at the 
prescribed focal position of the converging lens 13. 

With such an arrangement the zeroth-order 
diffracted light 5a and the first-order diffracted light 
5b are respectively converged by the single con- 
verging lens 13 on positions located approximately 
in the middle of the optical paths of the diffracted 
lights. The photodetectors 8 and 10 may be thus 
mounted in a row on a substrate portion inside the 
package 14. or may be formed in a row on a single 
semiconductor substrate made of Si or other ma- 
terial, and may be thus installed in close proximity. 

The diffraction gratings 3 and 4 of the polariza- 
tion diffraction element 1 described in the two 
aforementioned embodiments were etched into 
both sides of the substrate 2. However, they may 
also be formed for example by photoresist or other 
material. Also, the profile of the diffraction gratings 
3 and 4 is not restricted to the rectangular profile 
shown in Fig. 2. and may be a sinusoidal wave 
profile or other profile. 

As described above, a polarization diffraction 
element as an optical element in accordance with 
the present invention comprises a first diffraction 
grating and a second diffraction grating, each hav- 
ing a grating pitch approximately equal to the given 
wavelength of an incident light, and each being 
mounted on a different side of a substrate of a flat 
plate shape, 

where the first diffraction grating and second dif- 
fraction grating are formed such that their grating 
pitches are equal, and such that the grating lines of 
the first diffraction grating and the grating lines of 
the second diffraction grating are parallel. 

According to this arrangement, an incident light 
is split by the first diffraction grating and the sec- 
ond diffraction grating into polarized lights of dif- 



ferent polarizations, which always come out from 
the polarization diffraction element in parallel. Ac- 
cordingly, the polarized lights stay in parallel even 
when a change occurs in the wavelength of the 
s incident light 

Consequently, when the polarization diffraction 
element is incorporated into an optical pickup de- 
vice, the optical pickup device may be designed in 
a compact size by mounting the photodetectors for 
w detecting the different polarized lights in close 
proximity. In addition, by leading each polarized 
light to a predetermined position on the corre- 
sponding photodetector across an optical system 
such as a converging lens or the like, the accuracy 
75 in the detection of the polarized lights is improved. 

Further, another embodiment of the present 
invention will be described with reference to Fig. 5 
to Fig. 8 and as well as Fig. 41. 

As illustrated in Fig. 6. a phase shifting element 
20 15 as an optical element, is provided with a sub- 
strate 16 as a base, made of glass, transparent 
plastic or other material. On one face of the sub-, 
strate 16, namely on the face where the light 
comes out, there is mounted a linear grating 17 
25 such that the direction of its grating lines is the X 
* direction shown in the figure. 

As illustrated in Fig. 5. the linear grating 17 
presents a rectangular profile, as in the previous 
embodiment. A grating pitch D is set so as to be 
ao approximately equal to the wavelength of the light 
the linear grating 17 is designed for, and the 
groove depth of the grating is t. The linear grating 
17 should preferably be formed so as to satisfy 
DSa/n, suppose n is the index of refraction of the 
35 substrate 16. a the wavelength of the relative light 
and D the grating pitch of the linear grating 17. 

With such an arrangement, a light that im- 
pinged upon the phase shifting element 15. comes 
out through the linear grating 17 with a predeter- 
40 mined difference produced by the linear grating 17 
between the phase of a X direction polarization 
whose electric field is parallel with the grating lines, 
and the phase of a Y direction polarization whose 
electric field is orthogonal to the grating lines. 
45 Here, the phase of the X direction polarization is 
ahead of the phase of the Y direction polarization. 
As a result, for example a linearly polarized light Ei 
shown in Fig. 41(a) may be converted into a cir- 
cularly or elliptically polarized light E 2 shown in 

so Fig. 41(b). 

Fig. 7 shows the result obtained when deter- 
mining mathematically the phase difference when 
in the phase shifting element 15, the grating pitch 
D equals 0.46am, the width Dt of a protrusion 17a 

55 equals 0.23um, the index of refraction n of the 
substrate 16 equals 1.5 and the wavelength of the 
concerned light equals 0.78um. As it is clearly 
shown in the figure, a phase difference of 90* may 
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be obtained between the X direction polarization 
and the Y direction polarization by setting the 
groove depth t of the grating so that t = 2.4um. A 
linearly polarized light may be thus converted into 
a circularly or elliptically polarized light. The angle 
of incidence of the light on the phase shifting 
element 15 is assumed to be 0* (vertical inci- 
dence). 

The aforementioned phase difference can be 
changed by modifying the combination of the pa- 
rameters. In the above embodiment, the case 
where the phase difference is adjusted by means 
of the groove depth t of the grating, as described. 

In Rg. 8, a curve I shows the transmittance of 
the X direction polarization, and a curve II shows 
the transmittance of the Y direction polarization, 
contained in the light that impinged upon the phase 
shifting element 15, when the light comes out from 
the phase shifting element 15. As it is clearly 
shown in the figure, both transmittances equal at 
least 96%. 

Another embodiment of the present invention 
will be described with reference to Rg. 8 to Rg. 10. 

The present embodiment relates to an anti- 
reflection element. As illustrated in Rg. 10, an 
antiref lection element 18 as an optical element, is 
mounted integrally with an optical member 19. 
which face needs to be prevented from reflection. 
In this case the optical member 19 itself serves as. 
a base and a linear grating 20 of a X direction 
grating lines is formed on the face of the optical 
member 19. As illustrated in Rg. 9. the linear 
grating 20 presents a rectangular profile, like for 
example the above phase shifting element 15. 

With the arrangement described above, when a 
light comes out from the optical member 19 
through the linear grating 20, its reflection is sup- 
pressed by the linear grating 20 since most of the 
light is transmitted through the optical member 19 
and goes out. 

As in the embodiment of the phase shifting 
element, the transmittance of the X direction po- 
larization is shown by the curve I of Rg. 8, and the 
transmittance of the Y direction polarization is 
shown by the curve II of Rg. 8, when the grating 
pitch D of the linear grating 20 equals 0.46um, the 
width Di of a protrusion 20a equals 0.23um, the 
index of refraction n of the optical member 19 
equals 1 .5 and the wavelength a of the concerned 
light equals 0J8um. 

As it is clearly shown in Rg. 8, when the 
groove depth t of the grating equals 0.1 Sum, the 
transmittance of the X polarization equals almost 
99%. while the transmittance of the Y direction 
polarization is greater than 99%. Moreover, when 
the groove depth t of the grating equals 0.1 8um, 
the transmittance of the Y direction polarization is 
almost equal to 100%. When the reflection preven- 



tion of the present embodiment is not performed, 
the transmittance is approximately equal to 96%. 
This shows that the linear grating 20 of the present 
embodiment forms an effective measure for the 
s prevention of reflection. In addition, when the 
groove depth t of the grating is set between 
0.1 Sum to 0.1 8um, the phase difference between 
the X direction and the Y direction polarizations is 
at most 5* , which is small enough, 
ro In the above embodiment of the antireflection 
element, the antireflection element 18 is mounted 
integrally with the optical member 19. However, the 
antireflection 18 may be formed separately and 
fixed on the optical member 19 thereafter. 
is In addition, in each of the aforementioned em- 

bodiments, the cross sections of the linear gratings 
17 and 20 were rectangular profiles. However, they 
may also be for example sinusoidal wave profiles. 
As described above, an optical element in ac- 
20 cordance with the present invention is basically 
composed by a linear grating which grating pitch is 
approximately equal to the wavelength of the light 
it is designed for, formed on a transparent base. 
Accordingly, an optical element having a func- 
25 tion for shifting a phase and other functions may be 
easily and inexpensively formed, by merely install- 
ing a linear grating on a face of a transparent base 
with no need for any expensive material or for a 
material which processing is laborious, such as a 
30 crystalline body. 

This optical element may be used for example 
as a phase shifting element In this case, the rela- 
tive phase difference between a polarization whose 
direction is parallel with the direction of the linear 
35 grating, and a polarization whose direction is or- 
thogonal to the direction of the grating, is controlled 
in the linear grating portion of the optical element. ^ 

The optical element may also serve as an 
antireflection element. In this case, the ' present 4 
40 antireflection element may be formed integrally 
with the optical members one wants to be pre- 
vented from reflection, by forming the linear grating 
on the optical member itself which serves as a 
base. By forming the antireflection element integ- 
45 rally with the desired opticaJ member in the manner 
described above, the structure of the optical mem- 
ber may be simplified and its manufacturing pro- 
cess facilitated. 

Moreover, when using the optical element of 
so the present invention as an antireflection element, 
all that is needed is to install a linear grating for the 
prevention of reflection. The optical element may 
be thus applied to bases of any index of refraction. 
Accordingly, there is no need of using a dielectric 
55 material, like in the conventional art, and the labori- 
ous tasks such as selecting a dielectric material 
having a proper index of refraction, and when such T 
a dielectric material does not exist, forming an 
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antireflection coating made of multiple layers of a 
plurality of dielectric materials, may be thus elimi- 
nated. 

An embodiment of the present invention will be 
described with reference to Fig. 11 and Fig. 12. s 

The configuration of the optical pickup device 
of the present embodiment is basically the same 
as the conventional example illustrated in Fig. 33. 
except that a polarization diffraction element 21 as 
an optical element illustrated in Fig. 11. is em- to 
ployed instead of the polarization diffraction ele- 
ment 77 of the conventional example of Fig. 33. 
The detailed description of the optical pickup de- 
vice itself will be therefore omitted. 

The orientation of Fig. 11 that illustrates the is 
polarization diffraction" element of the present em- 
bodiment, does not correspond exactly to the ori- 
entation of Fig. 33. However, provision is made 
such that a light 24 coming from the converging 
lens 76 is led to the polarization diffraction element 20 
21. and a zeroth-order diffracted light 24a produced 
by the the polarization diffraction element 21 is 
then led across an optical element 78 in a birefrin- 
gent wedge shape, to the photodetector 79 where 
the recording signal of the magneto-optical mem- 25 
ory element 56 as magneto-optical recording me- * 
dium. is detected. On the other hand, a first-order 
diffracted light 24b produced by the polarization 
diffraction element 21 is led to the photodetector 
80 where a tracking error signal and a focus error 30 
signal may be obtained. 

The substrate 22 of the polarization diffraction 
element 21 is made of an uniaxial crystal provided 
with a single optical axis, for example quartz. As 
illustrated in Fig. 12, a diffraction grating 23 is 35 
formed on the face of the substrate 22 that faces . 
the magneto-optical memory element 56. The dif- 
fraction grating 23 is provided with a rectangular 
profile, and has the same predetermined groove 
depth t and grating pitch than the polarization dif- 40 
fraction element 1 described earlier. 

The diffraction grating 23 is formed such that 
its grating lines are parallel with the optical axis H 
of the substrate 22. which extends in a direction 
orthogonal to the paper surface. If an uniaxial cry- 45 
stal is used to form the substrate 22, and if the 
diffraction grating 23 is formed so as to be parallel 
with the optical axis H, the polarization direction 
with respect to the optical axis H of a light that 
impinged upon the polarization diffraction element so 
21, does not vary even if the light is refracted or 
diffracted. As a result the design of the polarization 
diffraction element 21 is facilitated, and a maximum 
polarization anisotropy may be obtained. 

In order to give a polarization property to the ss 
diffraction grating 23, its grating pitch D is set so 
as to be approximately equal to the wavelength of 
the laser light used for recording and/or reproduc- 



ing, preferably to between 0.5 to 2 times the 
wavelength of the laser light. For instance, suppose 
the wavelength of the laser light is 0.8am. the 
grating pitch D is set so as to be 0.5am. and the 
groove depth t of the grating is set so as to be 
0.6um. In this case, a zeroth-order diffraction effi- 
ciency 60s is equal to 0.3 and a first-order diffrac- 
tion efficiency 5i S is equal to 0.7, for the S polariza- 
tion. For the P polarization, a zeroth-order diffrac- 
tion efficiency S 0? is equal to 1 .0 and a first-order 
diffraction efficiency 5i P is equal to 0. The Kerr 
angle of rotation for the zeroth-order diffracted light 
24a may be thus increased in appearance, as in 
the conventional example described earlier. 

However, a phase difference between the P 
polarizations and S polarizations of the zeroth-order 
and first-order diffracted lights 24a and 24b, occurs 
due to the polarization property of the diffraction 
grating 23. As in the present embodiment, the 
reproduction of recording signals on the magneto- 
optical memory element 56 is performed by means 
of the zeroth-order diffracted tight 24a. the phase 
difference between the different polarizations of the 
zeroth-order diffracted light 24a needs to be com- 
pensated. 

Hence, the thickness r of the substrate 22 in 
the polarization diffraction element 21 is set to a 
value such that the difference between the phases 
of the P polarization and the S polarization of the 
zeroth-order diffracted light 24a occurring in the 
diffraction grating 23, and the difference occurring 
between the phases of the P and S polarizations 
when the zeroth-order diffracted light 24a propa- 
gates through the substrate 22. cancel out. 

Namely, as the substrate 22 has an optical 
anisotropy property, the P polarization of the 
zeroth-order diffracted light 24a becomes an or- 
dinary ray having an index of refraction n 0 . and the 
S polarization becomes an extraordinary ray haiving 
a index of refraction n e (*n 0 . For example if the 
substrate 22 is made of quartz. n 0 =1.52 and 
n. = 1.48. 

in this case, when the distance the zeroth-order 
diffracted light 24a propagates through the sub- 
strate 22 is M, the phase difference A a M(rad.) that 
occurs between the P and S polarizations due to 
the optical anisotropy property of the substrate 22, 
is: 

AaM = ¥ (no ■ n e ) M 

Consequently, the thickness r of the substrate 
22 should be adjusted such that the sum of the 
above A 0 m and the phase difference A a G that 
occurs between the P polarization and S polariza- 
tion due to th diffraction grating 23. equals 0. and 
that the phase differences A ff M and A 0 e cancel 
out. Accordingly, there is no phase difference be- 
tween the P polarization and S polarization of the 
zeroth-order diffracted light 24a that was transmit- 
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ted through the polarization diffraction element 21. 
The zeroth-order diffracted light 24a is' thus a lin- 
early polarized light whereby the detection of the 
recording signals based on the Kerr angle of rota- 
tion may be performed with high accuracy, and 
recording signals of high quality may be obtained. 

In the above embodiment, the diffraction grat- 
ing 23 of a rectangular cross section is formed on 
the side of the substrate 22 that faces the 
magneto-optical disk. However, the diffraction grat- 
ing 23 may be a diffraction grating of a refractive 
index modulation type formed such that its index of 
refraction differs with the index of refraction of the 
remaining portion of the substrate, for example by 
impregnating the substrate with impurities such as 
Na*. K*, Ag* or the like. In this case also, the 
diffraction grating of the refractive index modulation 
type, should be designed such that its grating lines 
are parallel with the optical axis H f and such that its 
grating pitch is approximately equal to the 
wavelength of the laser light. 

As described above, a polarization diffraction 
element as an optical element in accordance with 
the present invention, is provided with a substrate 
made of a material having an optical anisotropy 
property, and with a diffraction grating constituted 
of a linear grating, and is designed such that the 
thickness of the substrate is set so that the phase 
difference occurring between P and S polarizations 
due to the above diffraction grating, and the phase 
difference occurring between the P and S polariza- 
tions when the the diffracted light propagates 
through the substrate, cancel out. 

Accordingly, as the substrate is made of a 
material having an optica) anisotropy property, a 
phase difference occurs between the P and S 
polarizations when zeroth-order and first-order dif- 
fracted lights propagate through the substrate. This 
phase difference varies with the distance of propa- 
gation through the substrate. Therefore, in the po- 
larization diffraction element, when the phase dif- 
ference between the P and S polarizations of the 
zeroth-order diffracted light needs to be eliminated, 
the phase difference between the P and S polariza- 
tions of the zeroth-order diffracted light occurring in 
the diffraction grating may be compensated by 
adjusting the thickness of the substrate. Namely, 
the thickness of the substrate should be set such 
that the phase difference occurring between the 
different polarizations of the zeroth-order diffracted 
light due to the optical anisotropy property of the 
substrate, and the phase difference occurring be- 
tween the different polarizations of the zeroth-order 
diffracted light due to the polarization property of 
the diffraction grating, cancel out. 

Similarly, when the phase difference between 
the P and S polarizations of the first-order dif- 
fracted light needs to be eliminated, the thickness 



of the substrate should be set such that the phase 
difference between the different polarizations of the 
. first-order diffracted light occurring due to the op- 
tical anisotropy property of the substrate, and the 
s phase difference between the different polarizations 
of the first-order diffracted light occurring due to 
the polarization property of the diffraction grating, 
cancel out. 

Moreover, in order to give a polarization prop- 
io erty to the polarization diffraction element, the grat- 
ing pitch thereof should be set so as to be approxi- 
mately equal to the wavelength of the diffracted 
light. 

If the substrate is made of an uniaxial crystal. 

is and the diffraction grating designed so as to be 
parallel with the optical axis of the substrate, the 
polarization direction with respect to the optical 
axis, of a tight that impinged upon the polarization 
diffraction element does not vary, even when the 

20 light is refracted or diffracted. The design of the 
polarization diffraction element is thus facilitated, 
and a maximum polarization anisotropy can be 
obtained. As a result, the thickness of the substrate 
needed for compensating the phase difference be- 

25 tween the P polarization and the S polarization 
occurring in the diffraction grating, can be reduced. 

An optical pickup device in accordance with 
the present invention is provided with a light 
source, an optical system for guiding a light beam 

30 projected from the light source onto a magneto- 
optical recording medium and leading the reflected 
light therefrom to photodetectors, and the 
photodetector for detecting the recording signals of 
the magneto-optical recording medium based on 

35 the Kerr angle of rotation, and 

is arranged such that the aforementioned polariza- 
tion diffraction element in accordance with the 
present invention, is mounted in the optical path of 
the reflected light extending from the magneto- 

40 optical recording medium to the photodetectors. 

Accordingly, when detecting recording signals 
based on the Kerr angle of rotation, if for instance 
the detection is performed based on the Kerr angle 
of rotation of the zeroth-order diffracted light pro- 

45 duced by the polarization diffraction element, the 
thickness of the substrate of the polarization dif- 
fraction element should be determined so that no 
phase difference occurs between the P and S 
polarizations of the zeroth-order diffracted light 

so Consequently, the zeroth-order diffracted light that 
was transmitted through the polarization diffraction 
element, is a linearly polarized light, whereby the 
detection of the recording signals may be per- 
formed accurately. 

55 When the detection is performed based on the 
Kerr angle of rotation of the first-order diffracted 
light produced by the polarization diffraction ele- 
ment, the thickness of the substrate of the polariza- 
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tion diffraction element should be set such that no 
phase difference occurs between the P and S 
polarizations of the first-order diffracted light 

Another embodiment of the present invention 
will be described with reference to Fig. 13 to Fig. 
16 as well as to Fig. 35. 

The configuration of the optical pickup device 
of the present embodiment is basically the same 
as the conventional example illustrated in Fig. 35. 
except that a polarization diffraction unit 25 illus- 
trated in Fig. 14, is employed instead of the sub- 
strate 90b and the diffraction grating 90a of the 
diffraction element 90 in the conventional example 
of Fig. 35. The members having the same func- 
tions than in the optical pickup device shown in 
Rg. 35 will be therefore designated by the same 
code and their description will be omitted. 

As illustrated in Fig. 14, in front of a semicon- 
ductor laser 89 as a light source, there is mounted 
the polarization diffraction unit 25. The polarization 
diffraction unit 25 is provided with a transparent 
substrate 25b made of glass or other material. On 
the face of the substrate 25b opposite to the face 
that faces the semiconductor laser 89, there is 
formed a diffraction grating 25a (see Fig. 13(a)) that 
has the same polarization property, i.e. the same 
grating lines direction, grating pitch and groove 
depth, than the diffraction grating 90a illustrated in 
Fig. 35. The diffraction grating 25a splits a laser 
light Li that was projected from the semiconductor 
laser 89. into a zeroth-order diffracted light Q20. 
that is a transmitted light, and a first-order dif- 
fracted light L21. The diffraction grating 25a also 
splits a reflected light L3 from the magneto-optical 
memory element 91, as a magneto-optical record- 
ing medium, that was disposed so that the first- 
order diffracted light L 2 i is irradiated in a direction 
orthogonal to its surface, into a zeroth-order dif- 
fracted light Uo and a first-order diffracted light Ui 
that is diffracted toward the semiconductor laser 
89. 

The degree of inclination of the substrate 25b 
is set such that the reflected light L 3 from the 
magneto-optical memory element 91 impinges 
upon the diffraction grating 25a at a Bragg angle ft 0 
(i3 0 = sin~ 1 (a/2D)), where a is the wavelength of the 
laser light being used, and D is the grating pitch of 
the diffraction grating 25a. 

However, when the reflected light L3 from the 
magneto-optical memory element 91 . is transmitted 
through the diffraction grating 25a to produce the 
zeroth-order diffracted light Uo, as described in the 
conventional example, a phase difference occurs 
between a TE polarization Uo(TE) contained in the 
zeroth-order diffracted light Uo, and a TM polariza- 
tion Uo(TM) contained in the zeroth-order diffract- 
ed light Uo. 

Fig. 15 illustrates the relationship between the 



groove depth t of the grating and the phases of 
Uo(TE) t Uo(TM) and Ut(TE). As it is clearly 
shown in the figure, the phase difference between 
Uo(TE) and Uo(TM) increases as the groove depth 

5 t increases. When in the diffraction grating 25a. the 
groove depth t of the grating is set to 0.77a, the 
phase difference is equal to 14* . 

Hence, on the face of the substrate 25b that 
faces the semiconductor laser 89 there is formed a 

10 phase compensating grating 25c for compensating 
the phase difference occurring in the diffraction 
grating 25a. 

As illustrated in Rg. 13(b). the phase com- 
pensating grating 25c is designed such that its 

is grating pitch D is virtually equal to the grating 
pitch D of the diffraction grating 25a, and the 
direction B of its grating lines is orthogonal to the 
direction C of the grating lines of the diffraction 
grating 25a. Therefore, in the phase compensating 

20 grating 25c, a phase difference contrary to the 
phase difference that occurred in the diffraction 
grating 25a. occurs between the TE and TM po- 
larizations. The phase difference that occurred in 
the diffraction grating 25a is thus compensated. 

25 The phase compensating grating 25c is ca- 

* pable of compensating the phase difference of only 
one of the zeroth-order diffracted light Uo and first- 
order diffracted light Ui produced by the diffrac- 
tion grating 25a. Here, the grating pitch D and the 

30 groove depth t of the phase compensating grating 
25c, are set such that the phase difference of the 
zeroth-order diffracted light Uo used for the detec- 
tion of information signals, is compensated. 

In addition, no diffraction occurs in the phase 

as compensating grating 25c t as the direction B of the 
grating lines of the phase compensating grating 
25c is orthogonal to the direction C of the grating 
lines of the diffraction grating 25a. No diffraction 
occurs either even when the direction B of the 

40 grating lines of the phase compensating grating 
25c is slightly inclined compared to the direction B, 
as illustrated in Fig. 16. The maximum angle of 
deviation 9 max from the direction B that is permis- 
sible in the phase compensating grating 25c, is 

45 9 max = cos -i (d7«). Accordingly, when D=0.5am 
and a = 0.78um, there is obtained 9 m ax = 50.1*. In 
other words, the angle 9 of the direction 8' of the 
grating lines of the phase compensating grating 
25c. and the direction C of the grating lines of the 

50 diffraction grating 25a, should be (90±50.1)\ 

With the above arrangement, the linearly po- 
larized light Li that was projected from the semi- 
conductor laser 89. is split by the diffraction grating 
25a of the polarization diffraction unit 25 to produce 

55 the zeroth-order diffracted light L 2 o and the first- 
order diffracted light L 2 i that is diffracted at an 
angle A and irradiated on the magneto-optical 
memory element 91 on the recording film 91b 
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across the substrate 91a. 

The first-order diffracted light Ui that was irra- 
diated on the recording film 91b, is rotated through 
the magneto-optical effect and is reflected. Tbe 
reflected light L3 is split by the diffraction grating 
25a of the polarization diffraction unit 25, to pro- 
duce the zeroth-order diffracted light Uo and the 
first-order diffracted light Ui- At this time, phase 
differences occur between the TE and TM polariza- 
tions contained in the zeroth-order diffracted light 
Uo and in the first-order diffracted light Ui respec- 
tively. 

Thereafter, the zeroth-order diffracted light Uo 
and the first-order diffracted light Ut pass through 
the phase compensating grating 25c, where the 
phase difference between the TE and TM polariza- 
tions contained in the zeroth-order diffracted light 
Uo is compensated. 

The zeroth-order diffracted light Uo is then 
rotated by 45* by a half-wave plate 92, impinges 
on the diffraction grating 93a of a diffraction ele- 
ment 93 thereafter and is split into a zeroth-order 
diffracted light Uo that is transmitted, and a first- 
order diffracted light Ui that is diffracted at an 
angle of diffraction fit. 

The zeroth-order diffracted light Uo and the 
first-order diffracted light Ui are respectively re- 
ceived by photodetectors 94 and 95. Information 
signals on the magneto-optical memory element 91 
are detected by amplifying the output signals of the 
photodetectors 94 and 95 in a differential amplifier 
96. A phase difference occurs between the zeroth- 
order diffracted light Uo and the first-order dif- 
fracted light Ui in the diffraction grating 93a of the 
diffraction element 93. However, this phase dif- 
ference does not affect the quality of the signals. 

In the above description, the zeroth-order dif- 
fracted light Up and the first-order diffracted light 
Ui produced by the diffraction element 93, were 
respectively received by the photodetectors 94 and 
95, and the detection of information signals was 
performed by amplifying the output signals of the 
photodetectors 94 and 95. However, information 
, may be reproduced by means of only one of the 
zeroth-order diffracted light Uo and first-order dif- 
fracted light U t - 

In the above embodiment, the diffraction grat- 
ings 25a and 93a and the phase compensating 
grating 25c, of the polarization diffraction unit 25 
and diffraction element 93 are relief type gratings 
whose cross sections are rectangular profiles. How- 
ever, these gratings may be of a refractive index 
modulation type, formed by implanting impurities 
on the faces of the substrates 25b and 93b. 

As described above, a polarization diffraction 
unit as an optical element in accordance with the 
present invention is designed such that: 
• a diffraction grating which grating pitch is approxi- 



mately equal to the wavelength of the light the 
diffraction grating is designed for, is formed on one 
face of a transparent substrate, and 
a phase compensating grating which grating lines 

5 are virtually orthogonal to the grating lines of the 
above diffraction grating, is formed on the other 
face of the substrate. 

Accordingly, as the phase compensating grat- 
ing is formed on the face of the substrate opposite 

70 to the face whereon the diffraction grating is 
formed, the phase difference that occurs between 
different polarizations in the diffraction grating, is 
compensated by the phase compensating grating. 
The polarizations are thus in phase when the light 

rs comes out from the substrate. Moreover, as the 
direction of the phase compensating grating is vir- 
tually orthogonal to the direction of the diffraction 
grating, no diffraction occurs in the phase com- 
pensating grating. 

20 In addition, as the phase compensating grating 

is formed on the substrate whereon the diffraction 
grating is installed, the number of parts does not 
increase. 

On the other hand, an optical pickup device in 
25 accordance with the present invention is provided 
with: 

a light source that irradiates a linearly polarized 
light on a magneto-optical recording medium, 
photodetectors that receive a reflected light from 

30 the magneto-optical recording medium and detect 
the rotation of the plane of polarization due to the 
magneto-optical effect, and 
the above polarization diffraction unit mounted be- 
tween the magneto-optical recording medium and 

35 the photodetectors. 

As the optical pickup device comprises the 
polarization diffraction unit described above, when 
a linearly polarized light whose plane of polarization 
was rotated when it was irradiated on the magneto- 

40 optical recording medium, is transmitted through or 
diffracted by the polarization diffraction unit and led 
to photodetectors, practically no phase difference 
occurs between the two polarizations in the po- 
larization diffraction unit. As a result, since the light 

45 that was led to the photodetectors across the po- 
larization diffraction unit is linearly polarized, in- 
formation on the magneto-optical recording me- 
dium can be accurately reproduced. 

Another embodiment of the present invention 

50 will be described with reference to Fig. 17 to Fig. 
19 as well as to Fig. 35. 

The optical pickup device of the present em- 
bodiment is for example provided with a polarized 
light detecting unit 26, as shown in Fig. 19. This 

55 optical pickup device performs the recording and 
reproduction of information on the magneto-optical 
memory element 91 as a magneto-optical record- 
ing medium, and its main portion is constituted in 
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the same fashion as the optical pickup device 
shown in Fig. 35. The members having the same 
configuration as in the optical pickup device of Fig. 
35 will be designated by the same reference ou- 
meral and redundant description will be omitted. 

In the present embodiment, the polarized light 
detecting unit 26 is installed behind a haif-wave 
plate 92, as substitute for the diffraction grating 93a 
and the photodetectors 94 and 95 of Fig. 35. The 
polarized light detecting unit 26 is provided with a 
rectangular parallelopiped shaped glass block 27, 
as illustrated in Fig. 17. A diffraction element 28 
that comprises a diffraction grating 29a formed on 
the face of a glass substrate 29 of a flat plate 
shape, is fixed on the face of the glass block 27 
that faces the half-wave plate 92. 

The diffraction grating 29a is for example as 
illustrated in Fig. 18, of a relief type, has a rectan- 
gular cross section, is formed on the face of the 
glass substrate 29 and has a predetermined grating 
pitch D and a predetermined groove depth t. The 
direction of the grating lines of the diffraction grat- 
ing 29a is orthogonal to the paper surface of Fig. 
17 and Fig. 18, and the grating pitch D is approxi- 
mately equal to the wavelength a of the light the 
diffraction grating 29a is designed for. preferably 
0.5 to 1 time the wavelength a. The groove depth t 
is set in accordance with the grating pitch D to a 
value such that a polarization property may be 
obtained. Here the groove depth t of the grating is 
set such that a TM polarization contained in a light 
beam Uo coming from the half-wave plate 92. is 
transmitted through the diffraction element 28 at 
virtually 100% to produce a zeroth-order diffracted 
light Lso, and such that a TE polarization contained 
in the light beam Uo coming from the half-wave 
plate 92, is diffracted at virtually 100% to produce 
a first-order diffracted light Lsi. The TM polariza- 
tion contained in the light beam Uo is the polarizar 
tion whose direction is orthogonal to the grating 
lines of the diffraction grating 29a, and the TE 
polarization is the polarization whose direction is 
parallel with the grating lines of the diffraction grat- 
ing 29a. . 

Moreover, the cross section of the above dif- 
fraction grating 29a is a rectangular profile. How- 
ever, it may be a sinusoidal wave profile. In addi- 
tion, a substrate made of transparent resin may be 
used instead of the glass substrate 29. 

The glass substrate 29 (as well as the glass 
block 27) is disposed and inclined such that the 
light beam Uo that comes from the half-wave plate 
92, impinges on the diffraction element 28 at a 
Bragg angle ff 0 (0 O = sirr V2D)) (see Fig. 19), 
where a is the wavelength of the concerned light 
and D is the grating pitch of the diffraction grating 
29a. 

A first photodetector 30 and a second 



photodetector 31 are mounted on the glass block 
27 on the face opposite to the face whereon the 
glass substrate 29 is fixed. The first photodetector 
30 and second photodetector 31 are placed side 

s by side, in the same plane and in parallel with the 
glass substrate 29. The first photodetector 30 and 
second photodetector 31 are for example encased 
in a transparent molded resin layer 32 and are 
bound integrally to the glass block 27. The first 

10 photodetector 30 and second photodetector 31 are 
thus formed integrally with the glass substrate 29. 
The first photodetector 30 is disposed so as to be 
capable of receiving the TM polarization, i.e. the 
zeroth-order diffracted light Lso produced by the 

is diffraction grating 29a. On the other hand, the sec- 
ond photodetector 31 is disposed so as to be 
capable of receiving the TE polarization, i.e. the 
first-order diffracted light Lsi produced by the dif- 
fraction grating 29a. Electric signals generated in 

20 the first photodetector 30 and second photodetec- 
tor 31, are respectively entered in the different 
input terminals of a differential amplifier 96 (see 
Fig. 19). 

The thickness n of the glass substrate 29 is 

25 set to for example 1mm, the thickness r 2 of the 
glass block 27 to for example 6.4mm. The distance 
di between the face of the glass block 27 opposite 
to the face whereon the glass substrate 29 is fixed, 
and the light receiving faces of the first photodetec- 

30 tor 30 and second photodetector 31. is set to 
0.6mm. In this case, the distance d between the 
face of the diffraction element 28. and the light 
receiving faces of the first photodetector 30 and 
second photodetector 31. is equal to 8mm. The 

35 distance d does not necessarily need to be equal 
to 8mm and should be set so as to be approxi- 
mately within 10mm. The width w of the first 
photodetector 30 as well as of the second 
photodetector 31 . is set to 1 1 mm. 

40 With the above arrangement described in Fig. 
17 to Fig. 19. the reproduction of information on 
the magneto-optical memory element 91 is per- 
formed as follows. A laser light L is projected from 
a semiconductor laser 89. A portion of the laser 

45 light Li is diffracted by a diffraction element 90 to 
produce a first-order diffracted light L21 and is 
irradiated on the magneto-optical memory element 
91. A portion of a reflected light L 3 from the 
magneto-optical memory element 91, is transmitted 

so through the diffraction element 90 to produce the 
zeroth-order diffracted light Uo. is rotated by 45 
by the half-wave plate 92, and impinges on the 
diffraction element 28. for example as a parallel 
beam whose diameter is 5mm*. 

55 In the diffraction element 28. the TM polariza- 
tion contained in the incident light is transmitted at 
virtually 100% to produce the zeroth-order diffract- 
ed light L50. due to the polarization property of the 
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diffraction element 28. The transmitted light im- 
pinges upon the first photodetector 30. Meanwhile, 
the TE polarization contained in the incident light is 
diffracted at virtually 100% to produce the first- 
order diffracted light Lst, and impinges upon the 
second photodetector 31. Information signals on 
the magneto-optical memory element 91 are de- 
tected by amplifying the output signals of the first 
photodetector 30 and second photodetector 31 . in 
the differential amplifier 96. 

In the above arrangement, as the diffraction 
element 28 and the first photodetector 30 and 
second photodetector 31 are formed integrally as a 
polarized light detecting unit 26 f the number of 
parts composing the optical pickup device may be 
cut down and the optical pickup device can be 
designed in a compact size. 

In addition, as the diffraction element 28 and 
the second photodetector 31 are placed in close 
proximity, the first-order diffracted light Lsi is not 
likely to slip off the second photodetector 31 . even 
when the angle of diffraction of the first-order dif- 
fracted light Lsi changed in the diffraction element 
28, because of a fluctuation in the wavelength of 
the laser light U projected from the semiconductor 
laser 89. 

As described above, an optical pickup device 
in accordance with the present invention comprises 
a polarized light detecting unit that is provided with: 
a diffraction grating which grating pitch is approxi- 
mately equal to the wavelength of light the diffrac- 
tion grating is designed for, that is formed on a 
transparent substrate, and that separates an in- 
cident light into two polarized lights having mutu- 
ally orthogonal polarizations, 
a first photodetector that is mounted integrally and 
virtually in parallel with the substrate, and that 
receives a zeroth-order diffracted light produced by 
the diffraction grating, and 

a second photodetector that is mounted in the 
same plane as the first photodetector and integrally 
with the first photodetector and the substrate, and 
that receives a first-order diffracted light produced 
by the diffraction grating; 

and that is designed such that the distance be- 
tween the diffraction grating and the first and sec- 
ond diffraction photodetectors, is within 10mm. 

Accordingly, as the diffraction grating having a 
polarization property, and the first and second 
photodetectors that receive the different polarized 
lights are formed integrally, the number of parts 
may be cut down, and the relative positions of the 
diffraction grating and the first and second 
photodetectors can be determined accurately. In 
addition, as the distance between the diffraction 
grating and the first and second photodetectors 
was set such as to be within 10mm, the overall 
polarized light detecting unit can be designed in a 



small size. The optical pickup device that com- 
prises the polarized light detecting unit may be 
thus formed in a compact size. 

Another embodiment of the above polarized 

s light detecting unit will be described with reference 
to Fig. 20 and Fig. 21. 

A polarized light detecting unit 33 is incor- 
porated and employed instead of the polarized light 
detecting unit 26. in the optical pickup device of 

to Fig. 19. As illustrated in Fig. 20. the polarized light 
detecting unit 33 is provided with a polarized light 
detecting unit body 34, and a convex lens 35 as 
converging means, placed between the polarized 
light detecting unit body 34 and a half-wave plate 

75 92. 

As illustrated in Fig. 21. the polarized light 
detecting unit body 34 is provided with a glass 
substrate 36 on which front face there is formed a 
diffraction grating 37. Like the diffraction grating 

20 29a of the previous embodiment, the diffraction 
direction of the diffraction grating 37 is orthogonal 
to the paper surface of Fig. 21. The diffraction 
grating 37 is given a polarization property such that 
a TM polarization contained in an incident light 

25 beam coming from the convex lens 35 is transmit- 
* ted at virtually 100% to produce a zeroth-order 
diffracted light Lso, and a TE polarization contained 
in the incident light beam coming from the convex 
lens 35 is diffracted at virtually 10O% to produce a 

30 first-order diffracted light Ls i . 

On the rear face of the glass substrate 36, a 
first photodetector 38 and a second photodetector 
39 that receive the zeroth-order diffracted light Lso 
and the first-order diffracted light Lsi respectively. 

35 are mounted in the same plane and in parallel with 
the glass substrate 36. The first photodetector 38 
and the second photodetector 39 are encased in a 
transparent molded resin layer 40, and are bound 
integrally to the glass substrate 36. 

40 In the above arrangement, the thickness r t of 

the glass substrate 36 is for example set to ap- 
proximately 1mm, and the distance di between 
the face of the glass substrate 36 opposite to the 
face whereon the diffraction grating 37 is formed. 

45 and the light receiving faces of the first photodetec- 
tor 38 and second photodetector 39, is set to 
approximately 0.6mm. At this time the distance d 
between the diffraction grating 37 and the light 
receiving faces of the first photodetector 38 and 

so second photodetector 39, equals 1 .6mm. 

When the diameter of the parallel beam com- 
ing from the half-wave plate 92 equals 5mm*, the 
convex lens 35 is designed so that its diameter 
equals for example 6mm*. Provision should prefer- 

55 ably be made such that the convergence angle <t> 
of the converging beam (see Fig. 20) produced by 
the convex lens 35 is less than 20*. The distance 
between the convex lens 35 and the diffraction 
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grating 37 is determined such that the light is 
converged on the photodetectors 38 and 39. At that 
time, the radius r of the light impinging upon the 
diffraction grating 37 equals approximately 1.6mm. 
and the converging spots on the first photodetector 
38 and second photodetector 39 are separated by 
an interval w' equal to 2.2mm. 

In the present embodiment, the light beam 
coming from the half-wave plate 92 impinges upon 
the diffraction grating 37 after being converged by 
the convex lens 35. As a result the distance d , 
from the diffraction grating 37 to the light receiving 
faces of the first photodetector 38 and second 
photodetector 39, is reduced to for example ap- 
proximately 1.6mm. Consequently, the width of the 
first photodetector 38 and second photodetector 39 
can be reduced, and the polarized light detecting 
unit body 34 can be designed in a size more 
compact than the polarized light detecting unit 26 
of the previous embodiment. Besides, the above 
distance d' does not necessarily need to be 
1 .6mm, but should be approximately within 2mm. 

Further another embodiment of the polarized 
light detecting unit will be described with reference 
to Fig. 22. 

The present embodiment is a slightly modified 
form of the previous embodiment, and the mem- 
bers having the same functions than in the pre- 
vious embodiment, will be designated by a refer- 
ence numeral with a prime and their detailed de- 
scription will be omitted. 

In the present embodiment, a cylindrical SEL- 
FOC microlens (refractive index modulation type 
lens) 41 is disposed between a convex lens 35 as 
converging means and a polarized light detecting 
unit body 34'. The light beam that was converged 
by the convex lens 35' is converted by the SEL- 
FOC microlens 41 into a parallel beam of a small 
radius, and impinges upon a diffraction grating (not 
illustrated in the figure) formed on a glass substrate 
36' in the polarized light detecting unit body 34 
thereafter. As a result, the angle of incidence on 
the diffraction grating is the same for each of the 
rays composing the light beam. When the diameter 
of the parallel beam coming from a half-wave plate 
92 is equal to 5mm$, the diameter of a parallel 
beam coming from the SELFOC microlens 41 and 
impinging on the diffraction grating formed on the 
glass substrate 36', is set to, for example. 0.5mm*. 

As described above, in the above embodi- 
ments of the polarized light detecting units illus- 
trated in Figi 19 to Fig. 22, the diffraction gratings 
29a and 37 are employed in order to split the 
reflected light from the magneto-optical memory 
element 91 into two polarized lights having mutu- 
ally orthogonal polarizations. In addition, the diffrac- 
tion gratings 29a and 37 are bound integrally to the 
first and second photodetectors 30 and 31, 38 and 



39, and 38' and 39', and the first and second 
photodetectors 30 and 31, 38 and 39. and 38 and 
39' are disposed in the same plane. 

Such an arrangement is difficult to adapt to the 

5 conventional polarized light detecting unit that used 
the polarizing beam splitter 66 (see Fig. 29). Name- 
ly, in the conventional optical pickup device shown 
in Fig. 29. while each of the photodetectors 60 and 
67 can be mounted integrally with the polarizing 

10 beam splitter 66, they need to be disposed on 
mutually different faces of the polarizing beam 
splitter 66. Therefore, the photodetector 60 and the 
photodetector 67 cannot be formed integrally. 
In addition, in the optical pickup device shown 

is in Fig. 30, the Wollaston prism 70 and the 
photodetector 71 can be formed integrally by de- 
signing the optical pickup device such that the 
reflected light from the magneto-optical memory 
element 56 which diameter is equal to 5mm*, is 

20 converged by the convex lens 69 and impinges on 
the Wollaston prism 70, as illustrated in Fig. 23. In 
this case, if the length of the side of the Wollaston 
prism 70 is set so as to be equal to 3mm, and the 
distance between the Wollaston prism 70 and the 

25 light receiving face of the photodetector 71 is set 

> so as to be equal to 0.6mm (see Fig. 24(a)), the 
distance separating two spots Si and S2 on a light 
receiving face 71a equals 80ixm (see Fig. 24(b)). 
However, when the Wollaston prism 70 is used, the 

30 consequence of an optical pickup device larger, 
heavier and which cost is higher than the optical 
pickup device employing the diffraction grating 29a 
or 37 as in the above embodiment, cannot be 
avoided. 

35 On the other hand, if the convex lens 69 is not 
disposed before the Wollaston prism 70. as illusr 
trated in Fig. 25. and if the reflected light having a 
diameter equal to 5mm*. from the magneto-optical 
memory element 56 remains unchanged when it 

40 impinges on the Wollaston prism, the Wollaston 
prism 70 and the photodetector 71 need to be 
spaced 65mm apart. In this case, the Wollaston 
prism 70 and the photodetector 71 cannot be 
formed integrally. 

45 As described above, an optical pickup device 
in accordance with the present invention comprises 
a polarized light detecting unit that is provided with: 
converging means for converting a parallel or di- 
verging beam into a converging beam, 

50 a diffraction grating which grating pitch is approxi- 
mately equal to the wavelength of the light the 
diffraction grating is designed for. that is formed on 
a transparent substrate, and that splits an incident 
light coming from the converging means into dif- 

55 ferent polarized lights having mutually orthogonal 
polarizations, 

a first photodetector that is mounted integrally and 
virtually in parallel with the substrate, and that 
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receives a zeroth-order diffracted light produced by 
the diffraction grating, and 

a second photodetector that is mounted in the 
same plane as the first photodetector and integrally 
with the first photodetector and the substrate, and 
that receives a first-order diffracted light produced 
by the diffraction grating; 

and that is designed such that the distance be- 
tween the diffraction grating and the first and sec- 
ond photodetectors is within 2mrn. 

Accordingly, as the converging means is 
mounted short of the diffraction grating, and a 
converging beam is made to impinge on the dif- 
fraction grating, the distance between the diffrac- 
tion grating and the first and second photodetec- 
tors may be further reduced and set so as to be 
within 2mm. As a result, the number of parts may 
be cut down, and the relative positions of the 
diffraction grating and the first and second 
photodetectors can be determined accurately. The 
polarized light detecting unit as well as the optical 
pickup device may be thus made smaller and 
lighter. 

The invention being thus described, it will ob- 
vious that the same may be varied in many ways. 
Such variations are not to be regarded as a depar- 
ture from the scope of the invention. 

There are described above novel features 
which the skilled man will appreciate give rise to 
advantages. These are each independent aspects 
of the invention to be covered by the present 
invention, irrespective of whether or not they are 
included within the scope of the following claims. 



Claims 

1. An optical element comprising a grating 
which grating pitch is equal to about the 
wavelength of a light said grating is designed for, 
that is formed on a transparent base of a flat plate 
shape. 

2. An optical element as defined in claim 1, 
wherein the cross section of said grating is formed 
by recessions and protrusions. 

3. An optical element as defined in claim 2, 
wherein said cross section of said grating is a 
rectangular profile or a sinusoidal wave profile. 

4. An optical element as defined in claim 2, 
wherein said base is a substrate made of a material 
having an optical anisotropy property, and 

the thickness of said substrate is set such that a 
difference between the phases of a P polarization 
and of a S polarization contained in a light occur- 
ring due to said grating, and a difference between 
the phases of said P polarization and said S po- 
larization occurring when said light propagates 
through said substrate, cancel out. 



5. An optical element as defined as claim 1, 
wherein said base comprises a substrate made of 
glass or transparent plastic. 

6. An optical element as defined in claim 1 or 
s 3, wherein said base is a substrate made of a 

material having an optical anisotropy property, and 
the thickness of said substrate is set such that a 
difference between the phases of a P polarization 
and of a S polarization contained in a light occur- 
io ring due to said grating, and a difference between 
the phases of said P polarization and said S po- 
larization occurring when said light propagates 
through said substrate, cancel out. 

7. An optical element as defined in claim 4 or 
is 6, wherein the grating pitch of said grating equals 

0.5 to 1 time the wavelength of a light said grating 
is designed for. 

B. An optical element as defined in claim 4 or 
6, wherein said substrate is made of an uniaxial 
20 crystal provided with a single optical axis. 

9. An optical element as defined in claim 8, 
wherein said uniaxial crystal is quartz. 

10. An optical element as defined in claim 8, 
wherein said grating lines are formed in parallel 

as with the optical axis of said substrate. 
* 11. An optical element as defined in claim 4 or 
6. comprising a grating of a refractive index modu- 
lation type, that is formed such that the index of 
refraction of said grating and the index of refraction 

30 of the remaining portion of said substrate, differ. 

12. An optical pickup device provided with: 
a light source, 

an optical system for guiding a light beam projec- 
ted from said light source onto a magneto-optical 

35 recording medium and leading a reflected light 
therefrom to a photodetector, and 
said photodetector for detecting the recording sig- 
nals of said magneto-optical recording medium 
based on the Kerr angle of rotation; 

40 an optical element as defined in claim 4 or claim 6 
or claim 7, being disposed in the optical path of 
said reflected light extending from said magneto- 
optical recording medium to said photodetector. 

13. An optical element as defined in claim 1, 
45 comprising at least two gratings formed respec- 
tively on different faces of a transparent substrate 
of a flat plate shape, such that at least one of said 
gratings is a diffraction grating which grating pitch 
is equal to about the given wavelength of an in- 

50 cident light. 

14. An optical element as defined in claim 13, 
wherein a first diffraction grating and a second 
diffraction grating disposed on the different faces of 
said substrate, are formed such that the grating 

55 pitch of the first diffraction grating and the grating 
pitch of the second diffraction grating are equal, 
and such that the grating lines of the first diffraction 
grating and the grating lines of the second diffrac- 
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tion grating are parallel with each other. 

15. An optical element as defined in; claim 13, 
comprising a polarization diffraction unit arranged 
such that: 

a diffraction grating which grating pitch is equal to 
about the wavelength of the light said diffraction 
grating is designed for, is formed on one face of 
said transparent substrate, and 
a phase compensating grating which grating lines 
are substantially orthogonal to the grating lines of 
said diffraction grating, is formed on the other face 
of said substrate. 

16. An optical pickup device provided with: 

a light source that irradiates a light on a magneto- 
optical recording medium, 

a photodetector that receives a reflected light from 
said magneto-optical recording medium, and 
an optical element as defined in claim 15, that is 
mounted between said magneto-optical recording 
medium and said photodetector. 

17. An optical element as defined in claim 1, 
wherein the index of refraction n of said base, the 
wavelength a of the light said grating is designed 
for, and the grating pitch A of said grating, satisfy: 
A£a/n. 

18. An optical element as defined in claim 17 
comprising a phase shirting element that controls 
the relative phase difference between a polarization 
whose polarization is parallel with the lines of said 
grating, and a polarization whose polarization is 
orthogonal to the lines of said grating. 

19. An optical element as defined in claim 17 
comprising an antireflection element that is formed 
on a face of an optical member. 

20. A polarized light detecting unit provided 
with: 

a diffraction grating which grating pitch is equal to 
about the wavelength of the light said diffraction 
grating is designed for that is formed on a transpar- 
ent substrate, and that separates an incident light 
into two polarized lights having mutually orthogonal 
polarizations, 

a first photodetector that is mounted integrally and 
substantially in parallel with said substrate, and that 
receives a zeroth-order diffracted light produced by 
said diffraction grating, and 
a second photodetector that is located in the same 
plane as said first photodetector and mounted in- 
tegrally with said first photodetector and said sub- 
strate, and that receives a first-order diffracted light 
produced by said diffraction grating. 

21. A polarized light detecting unit as defined 
in claim 20. wherein the distance between said 
diffraction grating and said first and second 
photodetectors is set so as to be within 10mm. 

22. A polarized light detecting unit as defined 
in claim 20 further comprising converging means 
for converting a diverging beam into a converging 



beam, and wherein the distance between said dif- 
fraction grating and said first and second 
photodetectors is set so as to be within 2mm. 

23. A polarized light detecting unit as defined 
s in claim 22. wherein the convergence angle of said 

converging beam is less than 20* . 

24. A polarized light detecting unit as defined 
in claim 22. wherein said converging means com- 
prises a convex lens. 

w 25. A polarized light detecting unit as defined 
in claim 20. wherein said grating pitch is equal to 
0.5 to 1 time the wavelength of the light said 
diffraction grating is designed for. 

26. A polarized light detecting unit as defined 
is in claim 20. wherein said diffraction grating is a 

relief type diffraction grating which is formed by 
recessions and protrusions. 

27. A polarized light detecting unit as defined 
in claim 26, wherein the cross section of said 

20 diffraction grating is a rectangular profile or a 
sinusoidal wave profile. 

28. A polarized light detecting unit as defined 
in claim 20, wherein said substrate is made of 
glass or plastic. 

25 29. A polarized light detecting unit as defined 
• in claim 20, wherein said first and second 
photodetectors are formed directly on the face of 
said substrate opposite to the face whereon said 
diffraction grating is formed. 
30 30. An optical pickup device comprising a po- 
larized light detecting element as defined in claim 
20. 
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© An optical element comprises a polarization dif- 
fraction element (1) that is provided with diffraction 
gratings (3,4) that are respectively mounted on dif- 
ferent faces of a transparent substrate (2) of a flat 
plate shape, which grating pitches are equal to each 
other and approximately equal to the wavelength of 
an incident light, and which grating lines are parallel; 
or comprises a phase shifting element or an an- 
tireflection element composed by a grating which 
grating pitch is approximately equaJ to the 
wavelength of an incident light (5), formed on a 
transparent base; or comprises a polarization diffrac- 
tion element (1) that is provided with a substrate (2) 
made of a material having an optical anisotropy 
property, and a grating (3,4) f and wherein the thick- 
ness of the substrate is set such that the difference 
that occurs between the phases of the P and S 
polarizations of a light due to the grating, and the 



difference that occurs between the phases of the two 
polarizations when the light propagates through the 
substrate, and cancel out; or comprises a polariza- 
tion diffraction unit wherein a diffraction grating 
which grating pitch is approximately equal to the 
wavelength of an incident light, is formed on a face 
of a transparent substrate, and a phase compensat- 
ing grating which grating lines are substantially or- 
thogonal to the grating lines of the diffraction grating, 
is formed on the other face of the substrate. 

An optical pickup device comprises an optical 
element wherein a grating which grating pitch is 
approximately equal to the wavelength of an incident 
light, is formed on a transparent base. An optical 
pickup device comprises a polarized light detecting 
unit provided with a diffraction grating which grating 
pitch is approximately equal to the wavelength of an 
incident light, that is formed on a transparent sub- 
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strate, and that splits the incident light into two first-order diffracted light produced by the diffraction 

polarized lights having mutually orthogonal pblariza- grating. 

tions; a first photodetector that is mounted integrally As a result, a simple and inexpensive optical 

and virtually in parallel with the substrate, and that t element may be fabricated, and a compact and light 

receives a zeroth-order diffracted light produced by optical pickup device may be designed. Further- 

the diffraction grating; and a second photodetector more, the access to a magneto-optical recording 

that is located in the same plane as the first medium may be performed accurately, and record- 

photodetector and mounted integrally with the first ing signals of high quality may be obtained, 
photodetector and the substrate, and that receives a 
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